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New  York,  January  30th,  1875. 
To  the  American  Society  of  Civil  Engineers : 

At  the  regular  meeting  held  September  3d,  1874,  it  was — 
"Resolved,  That  a  committee  of  five  members  of  this  Society  be  ap- 
"  pointed  by  the  President,  to  investigate   the  necessary  conditions  of 
"  success,  and  to  recommend  plans  for — " 

"  First. — The  best  means  of  rapid  transit  for  passengers,  and 
"  Second. — The  best  and  cheapest  methods  of  delivering,  storing  and 
"  distributing  goods  and  freight,  in  and  about  the  city  of  New  York, 
"  with  instructions  to  examine  plans,  and  to  receive  suggestions  such  as 
"  parties  interested  in  the  matter  may  choose  to  offer,  and  to  report  on  or 
"  before  the  first  day  of  December,  1874." 

Your  committee  has  found  itself  unable  to  report  within  the  prescribed 
time.  The  magnitude  of  the  investigation  must  be  the  excuse  ;  and  even 
now  the  committee  feels  that  its  examination  has  done  little  more  than 

*  At  the  regular  meeting  of  the  Society,  held  February  3d,  1875,  the  Report  of  the  Com- 
mittee on  "  Rapid  Transit  and  the  Handling  of  Freight  in  New  York,"  was  presented,  read, 
and  the  following  adopted: 

"  Resolved,  That  the  admirable  report  presented  to-day  be  accepted,  with  thanks;  the  Com- 
mittee discharged,  and  the  paper  published  in  usual  course,  as  a  paper  contributed  by  the 
subscribing  members  of  the  Committee." 


remove  some  of  the  rubbish  which  has  accumulated  about  the  subjects 
presented.  Deeming  that  the  first  step  requisite  was  to  collect  facts,  your 
committee  has  endeavored  to  obtain  all  the  data  that  could  be  procured. 
Its  members  have  read  all  the  publications  they  could  find  upon  these 
voluminous  subjects.  They  have  advertised  by  circular  for  communica- 
tions in  writing,  and  have  held  five  public  meetings  at  the  rooms  of  the 
Society  to  give  hearings  to  such  parties  as  chose  to  appear.  They 
ha  vi-  sought  interviews  with  all  persons  and  organized  bodies  who  were 
likely  to  possess  information,  and  have  obtained  the  co-operation  of  the 
Produce  Exchange  and  the  Grocer's  Board  of  Trade,  in  gathering  statis- 
tics. They  have  addressed  a  circular  to  the  property  owners  and  tenants 
along  the  New  York  Elevated  Railroad,  inquiring  into  the  effect  of  the 
operations  of  that  road  upon  business  and  property  along  its  line,  and 
they  have  arranged  with  a  Member  of  the  Society,  Mr.  Wilson  Crosby,  to 
give  his  time  gratuitously  to  the  collection  of  data  as  to  the  cost  of  hand- 
ling freights.  They  have  held  many  private  meetings,  to  discuss  and 
examine,  with  the  aid  of  the  Secretary  of  the  Society,  the  large  mass 
of  materials  thus  accumulated.  They  here  wish  to  return  their  thanks 
to  the  many  gentlemen  with  whom  they  have  come  in  contact,  for  the 
valuable  aid  rendered,  as  well  as  for  the  courtesy  and  patience  with 
which  their  enquiries  (often  consuming  valuable  time)  have  been  an- 
swered, and  the  desired  information  supplied. 

The  passenger  and  freight  questions  will  be  discussed  separately. 
Pakt  I — Rapid  Transit  fok  Passengers. 

Your  committee  will  leave  it  entirely  for  others  to  point  out  the  im- 
portance of  rapid  transit  to  the  people  of  the  city  of  New  York. 

The  first  and  most  important  requirement,  as  it  seems  to  us,  is  that 
the  fares  shall  be  as  low.  or  nearly  as  low,  as  upon  the  street  railroads 
which  run  through  the  city.  Nothing  else  would  enable  the  rapid  tran- 
sit roads  to  secure  the  enormous  traffic  which  they  must  have,  to  be 
profitable,  or  to  enable  them  to  be  of  real  service  to  the  general  public. 
The  volume  of  business  awaiting  them  is  undoubted.  The  table 
i  51)  shows  that  the  horse  railroads  and  omnibuses  alone  carried 
nearly  150,000,000  passengers  in  1873,  and  with  proper  facilities  this 
may  be  expected  to  increase  largely.  The  present  accommodations  are 
clearly  inadequate,  and  there  must  be  more  roads  from  the  upper  to  the 
lower  part  of  the  island.  The  trains  should  run  at  high  speed,  but  low 
fares  cannot  be  charged  if  an  enormous  business  is  not  secured,  or  if  the 
cost  of  operation  and  construction  be  onerously  expensive. 


The  citizens  of  the  city  of  New  York,  are,  perhaps  themselves  in  some 
degree  the  cause  of  the  failure  thus  far  to  devise  any  practicable  scheme 
of  rapid  transit.  Without  procuring  the  collection  of  the  data  upon 
which  alone  an  opinion  should  be  based,  they  have  hitherto  insisted  upon 
expensive  and  burdensome  requirements.  Roads  of  great  capacity,  to  be 
operated  at  high  speed,  have  been  asked  for,  but  at  the  same  time  it  has 
been  required  that  locomotives  should  not  be  used,  or  if  they  were, 
that  they  should  be  out  of  sight  and  out  of  hearing,  and  especially 
that  they  should  not  run  near  respective  individual  properties,  and 
that  the  fares  should  be  lower  per  mile  than  upon  the  ordinary  rail- 
roads of  the  country.  These  are  incompatible  requirements ;  they 
have  produced  a  plentiful  crop  of  impracticable  devices  to  reconcile 
them,  as  your  committee  have  become  painfully  aware  during  the 
course  of  their  investigation.  Hitherto  the  requirements  of  the 
charters  granted  have  been  so  onerous,  that  upon  making  careful 
estimates  of  the  cost,  the  corporators  have  found  themselves  unable 
to  attract  the  necessary  capital,  or  in  the  single  case  in  which  they 
have  proceeded  with  the  work,  (that  of  the  Elevated  Railroad  on 
Greenwich  street),  they  have  found  themselves  so  hampered  with  im- 
practicable conditions,  as  to  cripple  the  enterprise  from  the  beginning, 
so  that  now  the  general  impression  prevails  among  average  investors, 
that  rapid  transit  roads  must  be  unprofitable. 

In  order  to  secure  rapid  transit  for  the  city  of  New  York,  it  is  neces- 
sary to  sacrifice  to  it  some  conveniences  and  many  prejudices  ;  to  furnish 
at  least  a  practicable  location  for  the  roads  free  of  charge,  (for  such  can- 
not afford  to  pay  for  the  right  of  way  over  any  considerable  portion  of  their 
routes),  and  to  consent  to  such  cheap  and  sound  plans  as  will  make  it 
reasonably  certain  that  the  enterprise  will  eventually  pay  a  moderate  re- 
turn upon  the  investment.  New  York  capitalists  are  probably  quite 
ready  to  undertake  rapid  transit  under  these  conditions.  They  would 
doubtless  prefer  to  invest  their  money  at  home,  where  they  can  watch 
their  interests,  than  to  send  it  to  newer  parts  of  the  country,  but  they 
must  be  made  to  see  some  hope  of  returns  upon  their  investment. 

The  cost  of  transportation  is  dependent  upon  two  circumstances  ;  first. 
the  cost  of  actual  operation,  and  second,  the  interest  upon  the  capital  in- 
vested. Rapid  transit  seeks  to  substitute  for  a  system  of  street  car  lines, 
costing,  fully  equipped,  about  830,000  or  $90,000  per  mile  of  double  track, 
and  operated  by  animal  power,  a  cheaper  mode  of  propulsion,  in  c  i 
tion  with  which  the  speed  shall  be  greatly  increa  sngers  shall  all 


be  provided  with  seats,*  and  with  far  greater  comfort  than  they  now  enjoy, 
but  for  which  the  fare  shall  not  be  materially  higher  than  at  present. 
"While,  thei'efore,  it  is  quite  possible,  by  the  adoption  of  a  cheaper  motive 
power,  such  as  steam,  and  by  aggregating  passengers  in  train  loads,  in- 
stead of  single  cars,  to  convey,  even  at  high  speed,  somewhat  cheaper 
than  is  now  done  at  low  speed  ;  if  the  fares  be  limited  by  existing  cir- 
cumstances, as  we  believe  they  are,  it  wiU  wholly  depend  upon  the 
volume  of  business,  and  the  amount  of  capital  invested,  whether  a  rapid 
transit  road  will  pay. 

Being  of  the  opinion,  after  weighing  all  that  has  been  said  and  written 
on  the  subject,  that  the  chief  obstacle  in  the  way  of  the  construction  of  a 
rapid  transit  road  in  New  York,  has  been  the  uncertainty  which  exists  in 
the  minds  of  capitalists  i&  regard  to  the  important  question,  whether  such 
a  road  would  be  profitable,  the  committee  deemed  it  necessary,  as  a  pre- 
liminary basis,  to  ascertain  what  would  be  the  probable  earnings  and 
expenses  of  rapid  transit  roads,  and  on  what  amount  of  capital  the  net 
revenue  thus  estimated  would  pay  a  fair  rate  of  interest.  The  usual 
methods  of  assuming  the  operating  expenses  to  be  a  certain  percentage 
ie  earnings,  seemed  to  us  quite  worthless,  when  applied  to  roads 
ssing  so  many  feature'  of  novelty.  During  the  progress  of  this 
inquiry,  therefore,  two  of  the  members  of  the  committee  made  careful 
estimates,  from  the  best  data  they  could  obtain,  of  the  possible  revenues, 
and  of  the  cost  of  running  trains  furnishing  the  required  accommo- 
dations. These  computations  were  entirely  independent  of  each  other  ; 
while  such  were  in  progress,  the  members  of  the  committee  avoided 
the  discussion  of  the  subject  among  themselves,  in  order  not  to 
bias,  each  other.  The  result  was  gratifying.  Although  carried  on  by 
somewhat  different  processes,  the  final  computations  agreed  so  closely  as 
to  give  the  committee  confidence  in  the  approximate  correctness  of  their 
estimates.     These  are  given  separately  in  Appendices  A  and  B. 

From  the  result  of  these  investigations,  the  committee  has  concluded 
that  such  roads  can  be  made  to  pay,  upon  a  volume  of  traffic  not  much, 
if  any,  greater  than  that  now  carried  upon  existing  street  car  lines,  and  that 
while  it  is  possible  the  profits  will  not  be  sufficient  at  first  to  pay 
interest  rrpon  the  whole  of  the  capital  invested,  yet  the  business  is  likely 
to  grow  very  fast ;  and  so  soon  as  the  population  has  adjusted  itself  to 
the  new  facilities  furnished,  the  volume  of  travel  which  may  legitimately 

*  The  committee  recommends  that  no  authority  be  granted  to  any  company  to  build  a 
rapid  transit  railroad,  without  the  express  stipulation  that  not  more  than  half  fare  shall  he 
collected,  unless  the  passenger  is  provided  with  a  seat  on  demand. 


be  expected  will  pay  large  returns  upon  the  investment  required,  if  the 
roads  are  judiciously  built. 

We  have  become  satisfied  that  the  character  of  the  road  which  can 
be  afforded  will  depend  largely  upon  the  route,  and  business  which  it  can 
command.  It  may  be  said,  in  general  terms,  that  at  a  rate  of  fare  not 
materially  greater  than  upon  the  existing  horse  railroads,  say  six  or  seven 
cents  for  any  distance  over  each  operating  division  of  about  five  miles  in 
length,  (or  about  li  cents  per  passenger  per  mile),  a  volume  of  traffic  equal 
to  that  now  passing  over  the  Third  Avenue  Railroad,  say  27  000  000  pas- 
sengers per  annum,  would  warrant  an  expenditure  for  the  construction 
and  equipment  of  a  rapid  transit  road,  of  about  8935  000  per  mile  of  double 
track;  and  at  the  above  rate  a  traffic  equal  to  that  now  passing  over  the 
Eighth  Avenue  line,  say  15  000  000  passengers  per  annum,  would  pay  on 
an  expenditure  of  about  8650  000  per  mile.  Adequate  rapid  transit  roads, 
located  in  the  vicinity  of  these  now  favorite  routes  might  do  even  more 
business ;  they  would  veiy  soon  develop  new  traffic  of  their  own  by 
settling  up  the  upper  part  of  the  Island,  while  it  is  probable  that  the 
increased  business  which  would  be  secured  upon  the  Harlem  Railroad,  if 
steam  transportation  were  properly  extended  from  42d  street  to  the 
Battery,  would  justify  it  in  making  an  investment  of  about  $1  500  000 
per  mile  for  that  purpose.  The  data  upon  which  these  opinions  are 
based  will  be  found  in  full  in  Appendices  A  and  B. 

As,  however,  the  western  upper  portion  of  the  island  offers  much  the 
most  attractive  sites  for  new  residences,  it  seems  probable  that  its 
population  and  travel  would  speedily  grow  to  be  as  large  as  those  now 
existing  upon  the  east  side.  We,  therefore,  believe  it  not  unfair  to 
assume  that  the  traffic  on  rapid  transit  roads  would  in  a  few  years  be 
equal  to  35  000  000  passengers  per  annum*  on  each  side  of  the  island,  and 
that  it  would  warrant  an  expenditure  of  about  8935  000  per  mile  of  road. 

In  view  of  the  tendency  of  such  works  to  overrun  the  estimates,  it 
woidd  not  be  prudent  to  make  plans  of  an  estimated  cost  of  much  more 
than  three-quarters  those  sums.  This  leaves  an  amount  of  81  125  000 
per  mile,  which  the  Harlem  Road  could  afford  to  invest,  and  of  about 
8700  000  a  mile,  which  could  profitably  be  applied  to  an  independent  hue, 
securing  a  traffic  of  about  35  000  000  passengers  annually  upon  either 
side  of  the  city.  While  the  equipment  of  a  new  western  road  costs  but 
about  85  000  per  mile  of  road,   the  rolling  stock  and  stations  to  do  this 

*  The  Metropolitan  Railway  (London  Underground)  carried  43  533  973  passengers  over  its 
sis  miles  of  road  in  1873,  and  44  118  '225  in  1874. 


6 

business  will  cost  about  $225  000  a  mile,  so  that  sums  of  $900  000  and  of 
$475  000  per  mile,  respectively,  would  be  left  to  pay  for  the  road  proper. 
If  an  elevated  road  be  selected,  its  cost  will  largely  depend  upon  the  rolling 
loads  which  are  provided  for,  so  that  the  weight  of  the  engines  and  cars 
reaUy  become  in  that  case  the  governing  elements.  In  our  judgment  the 
success  or  failure  of  the  rapid  transit  roads  will  largely  depend  upon  the 
skillful  design  and  the  lightness  of  the  rolling  stock. 

This,  however,  is  but  one  of  many  requirements,  and  pecfect  success 
requires  that  each  one  of  the  elements  shall  be  ascertained  and  observed. 
Eapid  transit  in  New  York  is  so  nicely  balanced  between  financial  success 
and  failure,  that  it  cannot  afford  to  pay  for  mistakes,  either  in  principle, 
policy,  or  material  detail.  It  stands  to-day  much  in  the  3ame  position  as 
did  the  modern  railway,  before  Stephenson  accomplished  success  on  the 
Liverpool  and  Manchester  line.  We  feel  persuaded  that  the  same 
gratifying  results  can  be  achieved  for  rapid  transit. 
Conditions  of  Success. 

From  the  large  mass  of  information  which  we  have  gathered,  and  the 
discussions  thereon,  the  following  seem  to  us  to  be  the  leading  conditions 
of  success  for  rapid  transit  roads  in  the  city  of  New  York. 

1st.  Capacity. — Each  road  must  be  prepared  to  do,  and  it  should  secure 
a  larger  volume  of  i>assenger  business  than  is  now  done  upon  any  steam 
railroad  in  the  world,  save  the  London  underground  roads.  The  Third 
Avenue  Railroad  reports  that  in  1873,  it  carried  26  950  000  passengers  on 
its  8  miles  of  road  or  18  miles  of  track,  while  the  New  York  Central 
Railroad  reports,  that  with  its  858  miles  of  road,  and  1  716  miles  of  main 
and  side  tracks,  it  carried  but  7  630  741  passengers.  It  is  true  that  the 
passengers  on  the  New  York  Central,  rode  much  longer  distances  than 
those  on  the  Third  Avenue  line;  yet  if  we  assume  that  the  passengers  on 
the  latter  traveled  an  average  of  but  one  and  a  half  miles  each  (and  our 
information  leads  us  to  believe  this  is  an  under  estimate),  we  have  an  ag- 
gregate of  40  425  000  miles  traveled  on  the  Third  Avenue,  against  a  total 
of  339  122  621  miles  traveled  on  the  New  York  Central.  The  volume  of 
business  assumed  in  calculating  that  the  Harlem  Railroad  could  afford  to 
spend  $1  500  000  a  mile  to  extend  its  road  to  the  Battery,  was  35  000  000 
passengers  per  annum,  or  something  like  100  000  per  day.  Probably 
about  one-half  of  this  number  must  be  moved  down-town  during  three 
hours  in  the  morning,  and  back  in  about  the  same  time  in  the  afternoon  ; 
say  50  000  in  six  hours.  To  be  successful,  therefore,  the  road  must 
be  prepared  to  transport  about  8  400  passengers  per  hour  in  one  direction 


at  certain  times  of  the  day.  If,  during  those  hours,  the  cars,  with  a 
seating  capacity  of  46,  average  40  passengers;  then  210  cars  per  hour, 
say  70  trains  of  3  cars  each,  or  42  trains  of  5  cars  each,  must  pass 
the  southern  terminus.  At  the  rate  of  speed  of  the  horse-cars,  this  can 
be  done  on  a  double  track;  but  increased  speed  requires  greater  spaces 
between  trains,  and  increased  track  accommodations  become  desirable. 
The  first  consequences,  therefore,  of  the  capacity  required  would  seem 
to  be  :  (A),  that  the  rapid  transit  roads  should  be  double-tracked  over 
the  whole  of  the  routes,  and  be  prepared  to  provide  four  tracks  below 
the  point  where  the  business  gathers  in  sufficient  volume  to  warrant  it ; 
and  (B),  that  it  is  not  practicable  to  accommodate  freight  trains  over  the 
passenger  lines,  although  an  express  and  mail  business  may  be  done.  * 

2d.  Safety. — This  condition  of  success  needs  no  argument.  The  road 
must  not  only  be  absolutely  safe,  but  appear  so.  It  must  inspire  entire 
confidence,  in  order  to  secure  the  volume  of  travel  which  alone  can  make 
it  profitable,  f 

3d.  Accessibility. — Not  only  must  the  roads  and  stations  be  so  ar- 
ranged that  they  shall  be  convenient  of  access  from  the  street,  but  ar- 
rangement must  be  so  made  that  business  shall  be  gathered  readily  from  all 
parts  of  the  city  4  Messrs.  Richard  and  Samuel  Buel,  who  have  presented 
much  the  best  paper  on  rapid  transit  which  has  been  laid  before  your 
committee,  propose  that  this  shall  be  done  by  a  system  of  cross-town  lines 
of  horse  railroads,  operated  in  connection  with  rapid  transit  roads.  The 
committee  recommends  that  the  whole  of  this  paper  be  printed. 

4th.  Cheapness  of  Construction. — "We  have  already  stated  the  sums 
which  our  calculations  indicate  can  profitably  be  invested.  It  seems 
clear  that  in  order  to  economize  money  in  construction,  the  right  of  way 

*  This  necessity  to  provide  for  and  to  obtain  an  enormous  business,  entails  several  other 
consequences.  (C).  In  order  to  proportion  the  accommodation  to  the  varying  volume  of  busi- 
ness at  different  hours  of  the  day,  the  motive  power  and  trains  must  be  susceptible  of  divi- 
sion. We  believe  that  light  locomotives  will  be  found  best  to  fulfill  these  conditions,  but  will 
treat  this  branch  of  the  subject  hereafter  more  at  length.  [D).  The  various  parts  of  the  road 
and  its  trains  must  be  so  arranged  that  a  failure  or  accident  to  one  train  shall  not  materially 
interfere  with  the  operations  of  the  others.  (E).  There  must  be  no  time  table,  60  far  as  the 
public  is  concerned;  trains  must  be  so  frequent  that  the  passengers  shall  always  be  sure  to 
obtain  conveyance  within  a  few  minutes. 

t  The  principal  consequences  are:  (A).  The  trains  must  be  made  as  light  as  possible  in 
order  that  they  may  be  quickly  stopped.  (B).  The  cars  should  be  provided  with  safety  wheels 
or  other  appliances  to  prevent  derailment ;  the  construction  will  be  more  fully  discussed 
hereafter.  (C).  The  road  must  be  operated  by  the  most  ax^proved  system  of  block  signals. 
(D).  It  will  be  advisable  to  equip  the  rolling  stock  with  safety  platforms  and  train  brakes . 
(E).  The  roadway  must  be  made  at  least  as  safe  as  that  of  ordinary  surface  railroads. 

t  Among  the  principal  consequences  of  this  condition  seems  to  be:  (A).  In  order  to  fill  and 
empty  the  cars  quickly,  they  should  be  entered  and  left  from  the  sides,  instead  of  at  the  ends. 
(B).  The  station  platforms  should  be  about  as  long  as  the  trains. 
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niust  be  given  through  the  existing  streets.  No  road  can  afford  to  pur- 
chase the  right  of  way  except  at  the  few  points  required  to  pass  from  the 
line  of  one  street  to  that  of  another.  Even  the  proposal  to  open  new 
avenues  at  public  expense  for  that  purpose,  cannot  be  entertained  because 
of  the  large  cost  and  delay  it  involves.  The  existing  streets  are  ample  for 
the  surface  traffic  ;  a  portion  above  or  under  them  must  be  made  available 
for  rapid  transit. 

5th.  Adequacy. — It  seems  to  us  that  in  planning  even  the  first  of  the 
rapid  transit  roads,  it  is  necessary  to  consider  it  as  a  part  of  a  general  sys- 
tem, and  to  enquire  what  hues  are  likely  hereafter  to  be  built.  If  one 
road  is  successful,  other  portions  of  the  city  will  claim  equal  advantages, 
and  capital  maybe  found  to  undertake  rival  roads.  It  appears  reasonably 
certain  that,  at  first,  not  more  than  two  lines  are  likely  to  pay.  The 
topography  of  the  island,  and  its  division  into  nearly  equal  portions  on 
each  side  of  Central  Park,  seem  to  indicate  that  there  must  be  two  rapid 
transit  r<  tads,  one  for  the  easl  side,  and  another  for  the  west  side.  If  more 
roads  ar<  •  hi  in  after  c<  >nst  ructed,  it  seems  to  us  that  no  matter  1  >y  whom  built, 
such  are  likely  in  time  to  amalgamate  into  groups  on  each  side  of  the  city, 
and  to  be  operated  if  possible  as  a  belt,  upon  which  trains  will  be  run 
around  in  a  circuit  in  both  directions. 

The  time  and  expense  consumed  in  switching  and  in  making  up  trains, 
with  the  varying  requirements  as  to  frequency  over  various  parts  of  the 
lines,  might  induce  their  division  into  a  series  of  loop  lines,  on  which 
cars  of  different  colors  [to  distinguish  them),  and  having  different  rates 
of  fare,  might  be  run  in  circuits  of  such  length  and  with  such  frequency 
as  would  be  found  to  be  requisite.  This  would  truly  secure  rapid  transit ; 
the  trains  from  the  upper  loops,  for  instance,  after  gathering  their  loads, 
would  make  no  stops,  except  in  order  to  discharge  local  passengers  at 
the  points  of  junction  of  the  succeeding  loops,  and  below  a  certain  point 
proceed  at  high  speed,  upon  independent  tracks. 

If  these  views  are  correct,  it  seems  to  your  committee  that  it  would 
be  wise  to  begin  with  an  approximate  plan  of  the  general  system,  and 
that  it  would  be  well  to  place  the  control  of  the  group  of  lines  on  each 
side  of  the  city  in  the  hands  of  a  separate  company,  who  should  build 
first  such  portions  as  are  most  likely  to  succeed,  and  extend  the  re- 
mainder as  business  may  require,  or  when  the  traffic  reaches  a  certain 
volume  on  the  then  existing  line.  Such  a  course  would  protect  investors 
from  the  risk  of  future  competition,  and  restrict  within  fixed  limits  the 
damage  to  property  owners. 
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Gth.  Recognition  of  existing  Interests.  — The  next  condition  of  suc- 
cess seems  to  be  the  consideration  and  promotion  of  existing  interests. 
The  roads  should  be  made  to  supplement,  so  far  as  possible,  the  exist- 
ing street  railroads,  instead  of  being  in  opposition  to  them.  New  traffic 
will,  under  such  circumstances,  be  developed  so  rapidly,  that  it  is  not  im- 
probable the  increase  of  short  local  travel  will  compensate  for  the  diver- 
sion of  through  business.  The  present  surface  lines  can  be  made  of 
great  use  in  collecting  way  travel  for  the  rapid  transit  roads,  especially  as 
it  is  desirable,  in  order  to  save  the  time  consumed  in  stops,  that  the 
stations  on  the  latter  shall  not  be  less  than  half  a  mile  apart.  It  seems  fair, 
therefore,  that  when  a  route  is  decided  upon,  the  control  of  the  improved 
mode  of  travel  should  under  proper  restrictions,  be  first  offered  to  the  par- 
ties now  operating  a  surface  road  upon  that  hue;  and  to  provide  that  the 
steam  and  horse  railroads  shall  make  suitable  arrangements  for  inter- 
change of  tickets.  We  must  also  recognize  that  there  are  many  miles  of 
rapid  transit  roads  built  within  the  limits  of  the  city.  The  Hudson  River 
Railroad,  from  Sixty -fifth  street  to  Spuyten  Duyvil;  the  New  York  Elevated 
Railroad  ;  the  Fourth  Avenue  Improvement  of  the  Harlem  Railroad,  the 
Spuyten  Duyvil  and  Port  Morris,  and  the  Harlem  and  Port  Chester,  as 
weU  as  the  railroad  lines  immediately  beyond  the  limits  of  the  city,  may 
be  utilized  for  this  purpose.  A  general  rapid  transit  scheme  should  make 
use  of  these  existing  lines  so  far  as  practicable,  and  by  throwing  over 
them  business  which  they  do  not  now  get,  or  sufficiently  enjoy,  save  the 
cost  of  unnecessary  parallel  lines,  and  render  the  profits  of  the  increased 
suburban  traffic  on  the  old  Hues  available  to  pay  the  interest  charges  on 
the  new  roads.  A  paying  road,  receiving  new  business  from  any  source, 
can  afford  to  do  it  at  but  little  more  than  the  increased  cost  occasioned 
thereby  ;  for  the  interest  upon  the  investment  being  already  provided 
for  by  the  existing  traffic,  all  additional  profit  is  clear  profit,  and  adds 
directly  to  the  value  of  the  property.  This  is  well  understood  by  railroad 
managers,  and  is  constantly  applied  in  fixing  through  freight  rates. 

It  may  not  be  practicable  to  utilize  all  the  Hues  which  have  been  men- 
tioned ;  whatever  is  done,  it  will  be  better  to  arrange  that  the  light  rapid 
transit  trains  shall  run  over  these  lines,  so  as  not  to  bring  in  their  heavy 
trains  over  the  rapid  transit  roads.  The  latter  arrangement  woidd  largely 
increase  the  variable  loads  to  be  provided  for,  and  the  consequent  cost  of 
the  structure. 

The  possibility  of  utilizing  these  lines,  which  are  aU  (with  the  excep- 
tion of  the  New  York  Elevated  Railroad)  of  4  feet  84  inches  gauge,  fixes 
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the  adoption  of  this  standard  gauge  for  future  rapid  transit  roads.  In 
fact,  it  would  be  expedient  for  the  Elevated  Railroad  to  alter  its  gauge, 
which  is  now  4  feet  10  inches,  before  materially  extending  its  Hue.* 

7th.  Protection  of  public  and  private  Interests. — The  last  con- 
dition,, and  perhaps  the  most  important,  is  that  the  interests  of  the 
public,  and  of  property  owners  along  the  line,  shall  be  thoroughly  pro- 
tected during  the  location,  construction  and  operation  of  the  rapid  transit 
roads.  Some  sacrifices  are  required  of  them,  and  they  must  suffer  some 
inconveniences  ;  the  public  must  give  the  right  of  way  upon  two,  or 
perhaps  eventually  four  avenues  ;  the  dwellers  upon  them  must  take  the 
chance  of  some  annoyance  from  passing  trains,  and  the  property  owners, 
the  risk  of  a  possible  depreciation  of  their  property.  Of  course  in  this 
great  need,  private  interest  should  sometimes  give  way  to  pubhc  neces- 
sity, and  receive  its  reward  by  taking  its  share  of  the  resulting  general 
benefits;  yet  even  the  prejudices  of  the  people  should  be  consulted,  and 
their  interests  carefully  protected.  At  every  stage  of  the  proceedings — 
in  the  selection  of  the  route,  in  the  planning  of  the  structure  for  each 
section  of  the  city,  in  the  currying  on  of  the  work,  and  in  operating  the 
road,  care  must  be  taken  that  all  interests  be  carefully  protected,  and 
that  the  least  possible  injury  he  Inflicted  upon  the  present  owners  and 
occupants  of  the  premises.  This  will  require  great  discretion,  tact  and 
judgment. 

Plans   Examined. 

Leaving  aside  for  the  present  any  differences  caused  by  the  various 
modes  of  propulsion  which  have  been  proposed,  the  character  of  the 
roads  which  have  been  brought  forward  for  rapid  transit  may  generally 
be  divided  into  three  classes, — designated  as  the  Underground,  the  De- 
pressed aud  the  Elevated  Railroad  systems.  Your  committee  has  ex- 
amined plans  for  these  various  classes  as  follows  ;  a  synopsis  of  them 
has  been  prepared  by  your  Secretary: — 

For  Underground  Railways 17  plane. 

"    Depressed  "         8      " 

"    Elevated  "         50      " 

It  would  occupy  so  much  space  to  discuss  each  of  these  in  the  body  of 
this  report  that  we  must  be  content  to  consider  them  merely  as  classes. 
1st.  The    Underground    System. — This  system  was,   unfortunately, 


*  Since  the  above  has  been  put  in  print,  the  committee  has  been  gratified  to  see  the   same 
recommendation  made  in  a  report  of  the  President  of  this  Road. 
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recommended  by  the  committee  of  the  New  York  Senate,  appointed  in 
1866.  The  apparent  financial  success  of  the  London  underground  rail- 
ways, had  probably  then  much  to  do  with  this  recommendation,  and  it 
was  perhaps,  made  without  sufficient  estimates  of  cost,  or  consideration 
of  the  differences  in  the  extent  of  lines  required  and  of  the  materials 
to  be  excavated  in  New  York  and  in  London. 

In  consequence  of  the  configuration  and  formation  of  the  city,  under- 
ground railways  in  New  York  must  be  located  upon  long  north  and  south 
lines,  excavated  largely  through  rock,  while  in  London  they  are  upon  an 
irregular  circle,  forming  a  belt  within  the  city,  and  excavated  through 
clay.  Since  the  report  of  that  committee,  three  charters  have  been  granted 
for  underground  railways  in  New  York,  carefid  plans  and  estimates  have 
been  made  for  them,  which  have  been  considered  by  able  financiers,  but 
thus  far  not  a  single  one  of  these  projects  has  been  able  to  secure  the 
necessary  capital. 

The  following  objections  have  been  made  against  this  system  : 

1st.  That  roads  coidd  not  be  built  and  equipped  under  it  much  short 
of  two  or  three  millions  of  dollars  per  mile.  The  cost  of  the  Central 
Underground  Railway,  which  seems  to  have  been  very  carefully  worked 
out,  was  estimated  by  Messrs.  "W.  W.  Evans,  E.  S.  Chesbrough  and 
George  S.  Greene,  in  1869,  at  $17  625  301  for  9  miles  of  road.  The  cost 
of  the  Arcade  Railway,  which  your  committee  considers  one  of  the  best 
designs  for  an  underground  railway  presented,  was  estimated  for  a  quad- 
ruple track  without  rolling  stock,  at  $2  096  950  per  mile.  * 

2d.  That  it  would  during  its  construction  seriously  interfere  with  the 
present  surface  traffic  on  the  streets. 

3d.  That  it  woidd  require  expensive  and  inconvenient  alterations  of 
the  sewerage,  and  of  the  water  and  gas  pipes  of  the  city. 

4th.  That  at  many  points  it  woidd  be  below  high-water  mark,  and  the 
cost  of  artificial  drainage  woidd  add  materially  to  the  maintenance 
charges. 

5th.  That  the  ventilation  would  be  difficult  and  expensive.  Serious 
trouble  already  exists  in  similar  tunnels  (although  much  shorter),  both  in 
this  vicinity  and  in  London.  The  use  of  locomotive  engines  woidd  make 
expensive  mechanical  ventilation  necessary. 

6th.  That  the  patronage   might  be  limited  by  the  unwillingness  of 

*  The  cost  of  the  Fourth  Avenue  Improvement  of  the  Harlem  Railroad,  which  is  partly 
underground,  partly  depressed  and  partly  elevated,  and  partly  a  surface  road,  is  understood 
to  be  about  $1  600  000  per  mile,  for  four  tracks,  but  without  equipment. 
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many  persons  to  travel  in  tunnels,  and  the  operating  expenses  and  main- 
tenance be  greater  than  above  ground. 

2d.  The  Depressed  System. — This  mode  of  construction,  which  may 
more  properly  be  called  "  the  way  through  the  blocks,"  is  open  to  some 
of  the  objections  that  have  been  mentioned  in  regard  to  the  under- 
ground system;  while-  it  is  exposed  to  other  objections  of  its  own,  which 
would  make  the  cost  of  building  as  great  as  the  underground. 

1st.  As  there  is  no  street  but  the  Boulevard  and  Fourth  Avenue,  wide 
enough  to  permit  of  the  building  of  a  depressed  road  in  its  centre,  with- 
out rendering  the  remainder  useless,  the  right  of  way  upon  any 
other  bines  must  be  purchased  through  the  blocks,  and  real  estate  charges 
would  overbalance  the  cost  of  arching  which  this  system  saves.  Upon  a 
bine  most  judiciously  chosen  for  its  cheapness,  Mr.  John  Schuyler  esti- 
mates the  right  of  way  at  $500  000  per  mile.     It  might  be  much  greater. 

2d.  The  time  required  to  acquire  the  real  estate,  and  to  settle  claims 
for  damage  to  adjoining  property,  would  greatly  delay  the  completion  of 
the  road,  and  would  load  it  with  a  heavy  charge  of  accumulated  interest, 
before  its  earnings  could  begin. 

Your  committee,  while  they  cannot  recommend  the  adoption  of  this  sys- 
tem as  applied  to  the  existing  city  of  New  York,  wish  to  commend  the 
plans  and  designs  of  Mr.  Schuyler  as  being  most  carefully  considered 
and  elaborated. 

3d.  The  Elevated  System.  If  properly  located  and  designed,  this 
is  the  cheapest  system.  It  is  free  from  difficulties  of  ventilation  or  drain- 
age, from  any  obstructions  by  snow,  or  interference  with  sewers  or  pipes. 
It  involves  far  fewer  contingencies  than  the  other  systems,  and  the  cost 
may  be  estimated  beforehand  with  reasonable  accuracy.  The  principal 
objections  urged  against  it  are  the  following: 

1st.  That  if  built,  as  once  proposed,  of  masonry,  it  would  be  nearly  as 
expensive  as  an  underground  road,  and  by  obstructing  bght  and  ventila- 
tion, woidd  seriously  injure  adjoining  property. 

2d.  That  if  built  of  iron,  it  would  be  deficient  in  stability  and  perma- 
nence. 

3d.  That  there  woidd  be  great  danger  to  passengers  in  case  of  a  derail- 
ment. 

4th.  The  anticipated  injury  and  damage  to  the  value  of  real  estate 
along  the  Line  of  the  road. 

5th.  The  invasion  of  privacy  and  annoyance  to  the  occupants  of 
buildings  along  the  line. 
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6th.  The  frightening  of  horses  in  the  street  below  the  road. 
"  7th.  The  interference  of  the  supports,  if  located  in  the  roadway,  with 
the  street  traffic. 

8th.  The  general  unsightliness  of  such  structures. 

Your  committee,  while  fully  recognizing  the  validity  and  weight  of 
many  of  these  objections,  is  of  the  opinion  that  they  are  more  than 
balanced  by  those  which  exist  against  the  underground  and  the  de- 
pressed systems,  and  that  the  saving  of  first  cost  is  so  essential  a  matter, 
that  some  form  of  elevated  railway  should  be  made  the  leading  feature 
of  rapid  transit  roads  in  most  parts  of  the  city. 

As  the  committee  recommends  the  adoption  of  some  form  of  elevated 
railroad,  it  will  be  expected  to  express  its  views  upon  each  of  the  above 
objections.     The  following  are  the  opinions  of  its  members  : 

1st.  Masonry  Viaduct. — The  road  should  not  be  built  of  masonry, 
except  possibly  on  those  portions  which  will  be  through  the  blocks  in 
passing  from  the  line  of  one  street  to  another.  It  should  generally  be 
an  iron  skeleton  structure. 

2d.  Want  of  Stability. — There  is  no  warrant  whatever  for  any 
supposed  lack  of  stability  and  permanence  in  a  well  designed  iron  struc- 
ture. Iron  bridges  and  trestles  are  built  every  day  on  our  railroads, 
exposed  to  much  greater  loads  and  vibrations  than  those  which  wiU  ever 
be  imposed  upon  an  elevated  railroad. 

3d.  Banger  to  Passengers. — This  must  be  guarded  against  by  the 
system  of  construction  of  the  road  and  rolling  stock,  and  by  safety  appli- 
ances on  the  cars.  It  involves  very  careful  examination  an  .  design,  bift 
we  are  satisfied  that  serious  accidents  may  be  rendered  almost  impos- 
sible. The  New  York  Elevated  Railroad,  with  a  confessedly  inferior 
construction,  has  now  been  in  operation  three  years  and  seven  months, 
and  has  carried  about  1  800  000  passengers,  without  injuring  one  of  them 
in  any  way. 

4:th.  Injury  to  Real  Estate. — Your  committee  freely  confesses  that 
it  does  not  know  what  the  effect  of  a  successful  rapid  transit  elevated 
railroad  will  be  upon  the  values  of  real  estate  along  its  line.  Many 
gentlemen  who  have  been  consulted,  believe  that  the  large  volume 
of  travel  coming  to  and  going  from  the  route  of  an  efficient  elevated 
road,  will  add  largely  to  the  value  of  the  land  along  its  line.  Others 
again,  believe  that  the  annoyance  to  the  adjoining  property  owners  will 
diminish  the  value  of  their  property.  To  be  satisfied  upon  this  point, 
your  committee  issued  some  1  200  circulars  to  the  occupants  and  owners 
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of  property  on  the  line  of  the  New  York  Elevated  Railroad,  and  had  one 
left  at  every  house,  both  on  Greenwich  street  and  on  Ninth  avenue.  To 
these  1  200  circulars  only  68  replies  were  received,  of  which  37  were 
from  owners  and  the  remaining  31  from  tenants;  34  from  occupants  of 
whole  buildings,  26  from  occupants  of  part  of  buildings,  and  8  from 
non-resident  owners  ;  53  from  Greenwich  street,  and  15  from  Ninth 
Avenue  ;  28  from  houses  occupied  for  business  purposes,  14  from  resi- 
dences, and  25  from  the  two  combined.  The  time  of  such  occupation 
ranges  from  six  months  to  fifty-two  years.  The  opinions  expressed 
are  as  follows  :  5  persons  consider  the  road  a  benefit  to  the  property 
they  own  or  occupy,  53  think  it  an  injury,  and  10  have  no  opinion. 
One  person  thinks  the  road  has  increased  the  value  of  property,  50 
believe  that  property  has  diminished  in  value  from  5  to  40  per  cent. ,  4 
persons  are  in  favor  of  retaining  the  road,  on  the  ground  that  property 
would  diminish  in  value  upon  its  removal,  and  52  think  that  its  removal 
would  increase  the  value  of  adjoining  property  from  5  to  40  per  cent 

In  considering  the  answers  that  the  circular  elicited,  it  should  be  borne 
in  mind  that  these  were  given  at  a  period  of  general  business  depression, 
that  only  68  replies  were  received  to  some  1  200  circulars,  and  that 
those  persons  having  grievances,  or  who  have  been  most  injuriously  af- 
fected, would  be  most  likely  to  take  the  pains  to  answer.  As  the  New 
York  Elevated  Railroad  does  as  yet  but  a  small  business,  it  is  still  a 
matter  of  judgment  how  a  successful  rapid  transit  road  will  affect  the 
values  of  property  along  its  line.  Opinions  of  this  class,  expressed  in 
the  early  days  of  railroads,  have  so  often  been  disproved  by  facts,  that 
they  should  be  received  with  caution.  It  seems  reasonable  to  believe 
that  down-town  values  along  the  lines  of  the  future  elevated  railroads 
will  not  be  seriously  diminished,  while  up-town  values  will  be  largely  in- 
creased. 

5th.  Invasion  of  Privacy. — Your  committee  fully  admits  the  validity 
of  this  objection.  It  is  part  of  the  price  which  must  be  paid  for  rapid 
transit.  The  people  of  the  city  of  New  York  must  devote  certain  streets 
to  this  object,  and  the  structures  must  be  so  designed  as  to  inflict  the  least 
possible  injury.  It  may  be  found  in  practice  that  the  fears  entertained  on 
this  subject  are  exaggerated.  Since  beginning  this  investigation,  one  of 
the  committee  has  purposely  occupied  rooms  with  windows  fronting 
upon,  and  on  the  same  side  of  the  street  with,  the  New  York  Elevated 
Railroad,  and  finds  no  annoyance  from  the  noise,  smoke,  steam  or  other 
causes. 
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6th.  Frightening  of  Horses: — As  to  the  frightening  of  horses,  ex- 
perience along  the  present  Elevated  Railroad  shows  that  this  appre- 
hension also  is  greatly  exaggerated.  Very  few  horses  seem  to  be  in  any 
way  alarmed  at  the  trains,  and  this  and  similar  experience  about  railroad 
depots,  shows  how  soon  horses  become  accustomed  to  the  noise  and  ap- 
pearance of  trains,  and  exhibit  common  sense  by  paying  no  attention  to 
them.  It  might  not  be  safe  to  drive  along  the  hues,  spirited  animals 
kept  for  pleasure  purposes,  but  such  driving  is  already  confined  to  a  very 
few  streets,  and  these  would  not  be  selected  for  elevated  railways. 

1th.  Interference  with  Vehicles. — The  committee  also  admits  the 
validity  of  the  objection  that  the  supports  will  interfere  somewhat  with 
the  surface  traffic.  When  placed  on  the  edge  of  the  sidewalk,  however, 
the  posts  have  been  found  almost  no  obstruction  to  the  other  uses  of  the 
street.  Where  they  are  to  be  placed  in  the  roadway,  it  is  believed  that 
they  can  be  so  judiciously  located  as  to  form  no  serious  obstacles. 

8th.  Unsightliness. — As  to  the  probable  unsighthness  of  the  structure, 
the  committee  agrees  with  the  public.  No  structure  for  rapid  transit  can 
be  made  ornamental  in  the  purely  artistic  sense  of  that  word.  Its  long 
straight  lines  will  not  admit  of  much  architectural  effect.  It  will  be  use- 
ful, and  it  need  not  be  hideously  ugly.  The  engineer  should  endeavor  by 
tasteful  design  and  appropriate  ornamentation  to  give  the  structure 
as  pleasing  an  appearance  as  possible,  so  that  it  need  not  mar  the  appear- 
ance of  the  city  as  much  as  some  of  the  buildings  which  have  been 
erected  by  public  or  private  enterprise. 

Character  of  Structure. 

The  efforts  of  the  promoters  of  rapid  transit  schemes  seem  hitherto 
to  have  been  directed  to  the  design  of  new  and  unheard-of  structures, 
whose  novelty  they  could  readily  patent,  and  they  have  proposed 
to  build  these  continuously  over  the  whole  hue,  regardless  of  local  cir- 
cumstances. The  larger  part  of  the  labors  of  your  committee  has 
consisted  in  the  examination  of  such  schemes.  It  examined  proposals 
to  locate  the  elevated  roads  near  the  tops  of  the  houses,  or  through 
the  blocks,  or  over  the  streets,  and  to  construct  them  either  as  masonry 
viaducts,  or  as  a  series  of  iron  bridges.  All  sorts  of  plans  have  been  pro- 
posed for  construction  and  for  operation.  A  comparative  examination 
of  the  cost  of  each  plan  has  convinced  your  committee  that  the  only 
class  of  elevated  road  likely  to  prove  profitable  is  an  iron  structure,  16 
to  25  feet  high,  built  over  streets,  the  right  of  way  being  free,  and 
the  line  being  operated  by  light  locomotives. 
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It  is,  however,  a  serious  mistake  to  propose  a  single  plan,  to  be 
applied  and  carried  out  alike  in  all  parts  of  the  city.  This  is  imprac- 
ticable. A  really  successful  rapid  transit  road  must  extend  from  the 
Battery  to  the  Harlem  river,  and,  eventually,  much  beyond.  No  one 
plan  can  apply  equally  well  to  all  parts  of  so  extended  a  location. 
The  roads  should  conform,  not  only  to  the  topography  of  the  island, 
but  also  to  the  local  requirements  in  each  part  of  the  city.  At  certain 
points  they  may  be  in  tunnels,  either  to  secure  practicable  gradients  or  to 
avoid  annoyance  to  the  public;  at  others  they  may  go  through  the  blocks, 
in  open  cuttings  or  on  a  masonry  viaduct,  while  in  the  unsettled  districts 
in  the  upper  part  of  the  island,  and  beyond  Harlem  river,  they  may  even 
be  surface  roads,  and  remain  so  until  advancing  population  require  them 
to  be  raised  out  of  the  way  of  the  ordinary  street  traffic.  For  the  greater 
part  of  the  way  they  will  probably  consist  of  some  form  of  elevated  road, 
located  over  the  streets,  but  this  should  vary  in  character  with  the  cir- 
cumstances of  the  neighborhood.  It  may  even  be  of  wood  for  a  time, 
and  thus  save  present  expense,  over  such  sections  as  are  likely  to  deve- 
lope  new  requirements  with  advancing  population.  It  is  natural  and 
proper  that  this  part  of  the  design  should  receive  the  most  attention,  but 
it  is  perhaps  because  designers  have  hitherto  presented  but  a  single 
plan,  that  they  have  met  with  so  much  opposition  from  adjoining  prop- 
erty owners  and  existing  interests,  and  have  so  often  failed  to  obtain 
the  necessary  legislative  sanction. 

The  public  is  chiefly  responsible  for  this  error.  It  has  expected 
and  demanded  the  submission  of  a  single  plan,  which  could  be  understood 
upon  cursory  examination,  so  that  Civil  Engineers,  as  a  rule,  who  saw 
the  many  elements  of  the  problem,  have  hitherto  held  aloof  from  pre- 
senting any  original  design.  Of  the  75  plans  or  schemes  examined  by 
your  committee,  but  24  were  offered  by  Civil  Engineers,and  but  10  by 
members  of  the  Society.  Of  the  latter,  two  exhibited  plans  only  at 
the  particular  request  of  the  committee,  and  explained  that  these  had 
been  made  for  particular  locations  in  the  extension  of  the  New  York 
Elevated  Railroad.  The  fact  is,  that  in  this  as  well  as  in  most  engi- 
neering works,  there  is  no  one  best  plan  to  be  applied  everywhere  and 
under  all  circumstances.  There  must  be  an  adaptation  of  means  to 
ends.  The  ills  that  the  public  of  New  York  are  suffering,  cannot  be 
satisfactorily  remedied  by  any  one  patent  plan. 

Nor  do  we  believe  that  complete  plans  can  be  made  without  the  con- 
currence and  advice  of  the  capital  which  is  to  build  the  work.     On  lines 
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covering  many  miles  in  extent,  there  will  be  many  alternatives  ;  as  careful 
surveys  and  examinations  bring  out  fresh  facts,  the  relative  merits  of 
routes  and  plans  must  be  weighed,  and  a  decision  made  in  the  light  of 
the  estimates  and  necessities  of  location.  To  do  this  economically,  re- 
quires the  concurrence  and  control  of  capital,  and  that  care  which  springs 
only  from  personal  interest. 

We  believe  that  varied  plans  must  be  made,  that  the  designs  must 
conform  to  local  requirements  and  circumstances  in  each  part  of  the  city, 
so  as  to  inflict  the  least  possible  damage  and  annoyance,  and  above  all, 
that  the  plans  must  be  selected  by  the  capital  which  is  invited  to  carry 
them  out,  and  be  approved  by  a  competent  board  of  commissioners. 

The  most  that  yonr  committee  can  do  is  to  indicate  what  special  plans 
seem  best  adapted  to  special  localities.  Even  in  this  it  does  not  wish  to 
be  understood  as  giving  them  an  unqualified  approval.  There  is  not  a 
single  member  of  your  committee  who  is  sufficiently  satisfied  with  the 
cursory  examination  which  the  time  assigned  for  this  investigation  lias 
allowed  him  to  give  to  the  subject,  to  decide  positively  that  he  woidd 
adopt  any  one  of  the  designs  examined,  and  no  other,— if  the  responsi- 
bility were  placed  upon  him  of  building  a  system  of  rapid  transit  roads 
for  the  city  of  New  York. 

Rollxxg  Weights  to  be  Cakkied. 
The  leading  elements  of  the  cost  of  an  elevated  road,  are  :  first,  the 
rolling  weights  to  be  provided  for  ;   and  second,  the  position  to  be  oc- 
cupied in  the  street. 

The  strength  of  the  structure  must  vary  with  the  weights  to  be  carried, 
so  that  the  cost  will  largely  depend  upon  the  character  of  the  rolling 
stock.  It  will  be  seen  by  the  table  of  weight  of  trains  given  on  page  23, 
that  while  ordinary  passenger  trains  impose  a  weight  of  2  666  pounds 
per  lineal  foot  over  a  span  30  feet  in  length,  a  train  such  as  in  the 
judgment  of  the  committee  is  best  adapted  for  rapid  transit  roads,  will 
impose  a  weight  of  600  pounds  per  lineal  foot  over  the  same  space  of  30 
feet.  This  load,  however  is  concentrated  at  the  points  of  contact  of 
the  wheels,  and  exerts  greater  strains  than  if  uniformly  distributed  over 
the  whole  distance.  In  view  of  this  fact,  and  of  the  apparently  almost 
irresistible  tendency  to  increase  the  weight  of  cars  and  engines,  as  ad- 
ditions are  made  from  time  to  time  to  the  rolling  stock,  the  committee 
recommends  that  a  rolling-load  of  1  200  pounds  per  lineal  foot  of  each 
track,  be  assumed  in  designing  elevated  railroads,  and  that  the  factor  of 
safety  shall  be  from  5  to  6,  according  to  local  circumstances. 
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Position  in  the  Street. 

It  appears  to  your  committee  that  the  great  advantages  for  cheap  con- 
struction offered  by  narrow  streets  has  not  been  sufficiently  recognized. 
Those  running  north  and  south,  near  Broadway,  such  as  Greene  and 
Church  on  the  west  side,  and  Mulberry,  Marion,  Centre  and  Nassau  on 
the  east  side,  are  mostly  business  streets,  or  inferior  residence  streets. 
An  elevated  railroad  through  them  would  injure  property  but  little,  if  at 
all,  while  the  circumstances  are  most  favorable  for  the  economical  con- 
struction of  a  double,  triple  or  at  some  points  quadruple  track  railroad 
restle  bridge  over  them.  The  supporting  iron  columns  should  be 
placed  just  inside  the  curl)  line,  and  they  should  be  surmounted  by  ordi- 
nary lattice  girders,  so  arranged  as  to  shade  the  street  as  little  as  pos- 
sible. If  the  columns  be  located  in  this  way,  the  plan  presented  by 
\I  ssrs.  Buel  seems  to  your  committee  best  adapted  to  fulfill  the  various 
requirements  of  such  a  location,  in  streets  about  20  feet  wide  between 
curbs.  It  is  estimated  by  them  to  cost  $450  000  per  mile  of  double 
track,  this  being  predicated  however  upon  an  assumed  rolling  load  of 
1  500  pounds  per  foot  of  track.  If  the  weight  of  the  engines  and  cars 
be  reduced,  so  as  to  require  an  assumed  rolling  load  of  but  1  200  pounds 
per  foot,  as  recommended  by  your  committee,  the  cost  will  be  somewhat 
lessened. 

For  streets  about  30  feet  between  curbs,  a  modification  of  the  system 
of  cross  and  longitudinal  girders,  proposed  by  Mr.  I).  A.  Morris,  would 
be  found  economical.  The  committee,  however,  cannot  approve  the  ex- 
tensive use  of  cast-iron,  exposed  to  transverse  strains,  winch  he  proposes, 
and  while  it  would  call  attention  to  the  ingenuity  of  his  plans  of  track 
and  rolling  stock,  it  does  not  wisli  to  be  understood  as  endorsing  them, 
nor  vouching  for  the  correctness  of  his  estimates  of  cost. 

The  great  obstacle  to  cheap  rapid  transit  lies  in  the  avenues.  Their 
great  width,  60  feet  between  curbs,  which  is  so  convenient  for  surface 
traffic,  adds  enormously  to  the  cost  of  constructing  a  road  over  the  centre 
of  the  street,  if  support  must  he  taken  at  the  curbstone.  In  them  there 
are  two  possible  locations  for  an  elevated  road.  Either  the  tracks  may 
be  close  together  over  the  centre  of  the  roadway,  or  they  may  be  inde- 
pendent tracks  ;  one  on  each  side  of  the  street.  The  adoption  of  the  first 
alternative,  and  the  requirement  that  the  posts  shall  be  located  along  the 
edge  of  the  sidewalk,  involve  the  construction  of  a  double  set  of  bridges, 
one  along  the  street  to  carry  the  track,  and  the  other  across  the  street  to 
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support  the  first  set.  A  number  of  ingenious  plans  have  been  presented 
to  us  to  accomplish  this  object.  The  best  seems  to  be  that  of  Mr.  Rich- 
ard P.  Morgan,  Jr.,  which  is  estimated  by  him  to  cost  $520  000  per  mile 
if  built  to  carry  locomotives  weighing  six  tons,  and  $841  104  per  mile  if 
proportioned  for  the  ordinary  rolling  stock  of  our  surface  railroads.* 
As,  however,  these  estimates  are  based  upon  an  assumed  width  of  46 
feet  between  curbs  (that  of  Broadway],  they  will  have  to  be  materially 
increased  for  an  avenue.  If  the  estimates  of  revenue  and  operating 
expenses  made  by  your  committee  are  correct,  there  is  but  one  Hue 
which  can  afford  to  adopt  such  a  plan. 

We  would  call  attention  to  the  plans  presented  by  Mr.  Z.  S.  Durfee, 
for  a  double  track  railway  over  each  sidewalk  of  an  avenue,  as  well  as  to 
the  paper  accompanying  them.  His  suggestions  contain  some  valuable 
features,  but  are  likely  to  meet  with  great  opposition  from  some  of  the 
property  owners. 

If  the  alternative  of  two  independent  tracks,  one  on  each  side  of  the 
street,  be  preferred,  Mr.  C.  T.  Harvey  is  entitled  to  the  credit  of  having 
been  the  first,f  not  only  to  propose,  but  to  carry  out  such  a  system  of  con- 
struction on  the  New  York  Elevated  Railroad.  But  this  design,  of  single 
columns,  is  deficient  in  stability.  The  side  oscilations  are  too  great, 
and  the  assumed  rolling  load  too  small.  The  design  has  been  much 
improved  on  the  section  erected  above  Twenty-ninth  street,  and 
still  better  plans  have  been  shown  to  your  committee  by  Mr.  Charles 
Macdonald  and  Mr.  Samuel  H.  Shreve.  Both  these  gentlemen  propose 
clusters  of  four  small  columns,  differently  grouped,  and  occupying 
scarcely  more  space  on  the  sidewalk  than  the  single  columns  of  the 
original  plan.  Mr.  Macdonald  surmounts  his  columns  with  lattice  girders 
placed  under  the  rails,  and  provides  for  derailment  by  guard  beams 
placed  on  ties.  Mr.  Shreve  uses  plate  girders  placed  inside  the  line  of 
the  rails,  supporting  the  latter  upon  ties  which  pass  through  the  web  of 
the  girders,  and  provides  for  safety  by  placing  on  the  body  of  his  cars 
either  shoes  or  horizontal  wheels,  which  wiU  bind  against  the  girders  in 
case  of  a  derailment.     Both  these  gentlemen  estimate  the  cost  of  their 

*  It  has  been  stated  to  the  committee  that  Mr.  Morgan  was  the  first  to  pro^sTthel^ildinT, 
of  an  elevated  road  over  the  centre  of  the  street  and  the  use  of  locomotives  for  rapid  transit" 
and  that  he  is  fairly  entitled  to  the  credit  therefor.  After  a  revision  of  his  estimates,  he  reduces 
the  above  amounts  to  $486  000  and  $757  994  per  mile,  respectively. 

t  Since  the  above  was  written,  the  attention  of  the  committee  has  been  called  to  the  fact 
that  a  somewhat  similar  arrangement  was  suggested  by  Charles  Ellett,  Jr.,  in  1844  and  is 
described  in  Gillespie's  Manual  of  Boad-making,  pp.  314-315 
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structure  at  about  $125  000  per  mile  of  single  track,  or  $250  000  per 
mile  of  double-track  roads,  if  proportioned  for  the  curs  and  engines  of 
the  New  York  Elevated  Railroad.  As  your  committee  believes  somewhat 
heavier  trains  may  come  into  use,  in  order  to  accommodate  the  volume  of 
business  needed  to  make  a  rapid  transit  road  profitable,  the  structures 
should  be  proportioned  for  loads  of  1  200  pounds  per  running  foot  of 
track,  and  without  stations,  appointments  or  rolling  stock,  will  then  cost 
from  $300  01)0  to  $350  000  per  mile  of  double  track. 

This  location  over  tin ■  edge   of  the   sidewalk  may  be  objected  to,  be- 
cause of  its  interference  with  the   privacy  of  the  houses  and  the  pre- 
judices of  the  public  against  a  road  apparently  so  frail.     In  reality  it  can 
be  made  as  safe  as  a  surface  road.     If  however,  it  be  determined  to  place 
the  two  tracks  over  the  centre  of  the  street,  there  remains  the  alternative 
of  placing  the  supporting  columns  in  the  roadway  of  the  street  between 
lurbs.     Thisfe  proposed  by  Mr.  J.  B.  Church  and  by  the  Messrs.  Buel, 
and  although  at  first  sight  such  a  plan  would  seem  to  interfere  consider- 
ably with  the  surface  traffic,  and   to  endanger   passing  carriages  and 
runaway  teams,   these  difficulties  are  reduced  by  further  examination. 
It  is  not  thought  that  it  would  be  well  to  place  posts  in  the  roadway 
throughout  the  whole  length  of  an  avenue  ;  the  surface  traffic  in  some 
parts  of  every   avenue   is  so  large,  or   the   property   so   valuable,    that 
support  must  be  taken  at  the  sidewalk  ;  but  in  many  portions  the  traffic 
is  now,  and  is  likely  to  continue  so  small,  and  the  adjoining  buildings 
are  of  so  poor  a  character,  that  if  the  spans  be  made  about  50  feet  (not 
16   feet   as   proposed  in  some  charters  offered  at  the  last  session  of  the 
Legislature',  posts  within  the  roadway  are  not  likely  to  prove  a  serious 
annoyance. 

Whether  the  line  of  columns  should  be  spaced  about  20  feet  apart,  so 
as  to  divide  the  carriageway  into  threeequal  portions,  each  wide  enough 
for  two  carriages  (the  present  horse  railroad  tracks  occupying  the  centre 
span),  or  whether  the  posts  should  be  spaced  about  10  feet  apart,  with  a 
footwalk  between  them,  so  as  to  leave  a  wide  space  on  each  side  for  car- 
riages, your  committee  cannot  now  determine.  It  recommendslthat  the 
question  be  discussed  by  the  Society,  and  that  experiments  be  made  to 
determine  practically  the  objection  to  either  arrangement.  The  argu- 
ment in  favor  of  placing  posts  in  the  roadway,  to  carry  an  elevated  road 
over  the  centre  of  an  avenue,  is  the  single  one  of  economy,  as  it  will  cost 
twice  as  much  if  the  support  is  taken  from  the  edge  of  the  curb,  as  it  will 
if  the  posts  are  placed  in  the  carriage  way.     In  the  latter  case,  a  double 
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track  road  can  be  built  for  $300  000  a  mile  on  an  assumed  rolling  load 
of  1  200  pounds  per  lineal  foot  of  track,  and  exclusive  of  stations  or 
equipment.  "Whether  rapid  transit  roads  are  practicable  as  paying  in- 
vestments may  largely  depend  upon  the  determination  of  this  question. 

In  any  case,  however,  if  posts  are  placed  in  the  roadway  of  the 
streets,  the  surface  traffic  will  be  much  facilitated  by  the  simple  police 
regulation  that  vehicles  proceeding  rapidly  shall  hug  the  line  of  the 
posts,  and  that  those  proceeding  slowly  shall  hug  the  sidewalk. 

A  number  of  single-rail  plans  have  been  submitted  to  your  com- 
mittee, in  which  it  is  proposed  to  support  the  rolling  stock  from  a 
girder,  carried  on  a  single  Hue  of  posts  located  at  the  edge  of  the  side- 
walk. Of  these,  the  plans  of  Mr.  Roy  Stone  and  of  Mr.  T.  D.  Davis  are 
the  best  and  most  carefully  worked  out.  They  offer  the  advantage  of 
cheapness  in  the  construction  of  the  roadway,  which,  upon  this  system, 
would  cost  from  8175  000  to  $200  000  per  mile  of  double  track  ;  but  this 
would  partly  be  counterbalanced  by  the  increased  cost  of  the  rolling 
stock,  which,  if  in  sufficient  quantity  to  accommodate  the  volume  of 
traffic  required  to  make  the  road  pay,  would  probably  cost  as  much  as 
the  roadway. 

The  mechanical  difficulties  involved  in  designing  cars  and  engines 
upon  this  system,  which  has  not  inaptly  been  called  the  "  saddle-bag 
plan,"  and  in  working  them  over  switches,  around  curves,  and  under 
conditions  of  unequal  loading  or  of  strong  side  winds,  seem  to  your 
committee  so  serious  that  it  has  little  hope  of  their  being  successfully 
overcome. 

EoiiLTNG  Stock. 

The  character  of  the  rolling  stock,  as  has  already  been  remarked, 
is  a  matter  of  very  great  importance  in  the  construction  of  a  rapid 
transit  railroad,  the  pecuniary  success  of  which  is,  to  a  very  great 
extent,  dependent  upon  the  design  and  construction  of  the  locomotives 
and  cars.  Among  the  primary  conditions  which  a  rapid  transit  road 
must  fulfill,  is  that  passengers  should  be  carried  at  frequent  intervals  of 
time.  The  length  of  these  intervals  will  of  necessity  be  in  proportion 
to  the  number  of  passengers  that  can  be  carried  in  each  train,  or,  in 
other  words,  to  the  size  of  the  trains. 

The  celerity  with  which  small  cars  may  be  loaded  and  unloaded,  and 
the  facility  of  handling  light  trains  has  already  been  referred  to.  By 
their  use,  the  dead  weight  carried  may  be  very  much  reduced.  Heavy 
trains  require  more  power  to  start  and  stop  them;  more  powerful  engines 
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are  therefore  needed,  and  the  cars  arc  consequently  subjected  to 
much  greater  strains.  The  cars  must  be  made  stronger,  and  conse- 
quently heavier,  which  reacts  on  the  difficulty  of  starting  and  stopping 
them,  thus  making  a  still  greater  increase  of  engine  power  necessary. 
An  ordinary  passenger  car  which  has  seats  for  60  passengers,  is  48  feet 
long  and  weighs  36  400  pounds,  or  606  pounds  per  passenger.  The  cars 
used  on  the  New  York  Elevated  Railroad  have  seats  for  48  passengers, 
are  33  feet  6  inches  long,  and  weigh  11  200  pounds,  or  233  pounds 
per  passenger.  The  dead  weight  per  passenger  of  the  latter,  it  will 
therefore  be  seen,  is  very  much  less  than  with  the  ordinary  cars. 

The  weight  of  locomotives  usually  used  for  ordinary  passenger  trains. 
with  that  of  the  tender,  is  100  000  pounds.  The  maximum  load  on  any 
one  wheel  is  10  000  pounds.  On  the  New  York  Elevated  Railroad 
small  four-wheeled  engines  are  employed.  Their  weight  is  10  600 
pounds,  with  a  maximum  load  of  2  650  pounds  per  wheel.  The  weight, 
length,  &c,  of  these  trains  are  represented  in  the  following  table. 


Train. 

Total  Length  of 
Wheel  Base. 

Total  Weight  of 
Train  with  Cars 
filli  (I    with  Pas- 
sengers. 

Wg't  perPassg'r, 

of  Cars 
and  Locomotive. 

Maximum  Wg't 
per  Wheel. 

372  it.     2  in. 
125  ft.     9  in. 

372  400  lbs. 
65  800     " 

1  034  lbs. 

■157    " 

10  000  lbs. 

N.  T.  Elevated.... 

2  650    " 

A  comparison  of  the  above  figures  shows  the  very  great  difference  in 
the  weight  per  passenger  of  the  different  trains.  This  difference  is  of 
importance  in  two  ways:  first,  the  actual  expense  of  hauling  the  non- 
paying  weight  is  considerable;  second,  the  increased  weight  of  train 
makes  heavier  engines  necessary,  which  increases  the  wear  of  the  track 
very  largely. 

The  expenses  of  operating,  which  will  be  diminished  if  the  amount  of 
dead  weight  of  train  is  reduced,  will  be  the  following;  locomotive  re- 
pairs, including  cleaning,  fuel  for  locomotive,  oil  and  waste  for  same, 
water  supply,  general  expense  for  locomotive  shops,  car  repairs,  oil  and 
waste  used  for  cars,  road  repairs. 

If  an  elevated  railroad  is  built,  the  weight  of  the  rolling-stock  be- 
comes of  the  utmost  importance,  as  the  strength  and,  to  a  very  great  ex- 
tent, the  cost  of  the  structure  is  directly  dependent  upon  the  weight 
which  it  must  carry.  The  weight  which  different  trains  will  impose  on 
different  spans  of  an  elevated  road,  say  of  30,  40,  50  and  60  feet,  and  also 


23 


the  weight  reduced  to  pounds  per  foot  of  each  span,  is  given  in  the  fol- 
lowing table.  The  weight  which  the  ordinary  cars  alone,  without  the 
locomotive,  would  bring  on  each  of  the  spans  is  also  given. 

Load  imposed  by  Trains  ox   different  Spans. 


30  ft. 

Span. 

40  FT. 

Span. 

50  FT. 

Span. 

60  ft.  Span. 

Trains. 

"so  a 

,  P< 

Total  wg't 
per  ft. 
on  Span . 

god 
H  ° 

Total  wg't 
per  ft. 
on  Span. 

Total  wg't 
on  Span. 

Total  wg't 

per  ft. 
on  Sj)an. 

to  a 

■a  oo 

o  s 

"mj  3 
?"«  a, 

■B  °  a 

O  P-O 

H 

Lbs. 

80  000 

45  400 
19  800 
18  000 

Lbs. 
2  666 

1513 

660 
600 

Lbs. 
91  350 

45  400 

23  000 

22  500 

Lbs. 
2  284 

1  135 

575 

562 

Lbs. 
102  700. 

45  400 

32  200 

27  000 

Lbs. 
2  054 

908 

644 

540 

Lbs. 
122  700 

56  750 

38  200 

36  000 

Lbs. 
2  045 

94 

N.  Y.  Elevated 

6 

600 

Of  course,  as  the  loads  are  concentrated  in  a  few  points  of  the  span, 
the  strain  to  which  a  girder  would  be  subjected  would  be  greater  than  if 
the  load  were  equally  distributed.  These  strains  may,  however,  be  easily 
computed.  This  is  not  necessary  now,  as  at  present  it  is  only  intended 
to  show  the  loads  to  which  the  structure  would  be  subjected  by  each  train. 

From  the  table  it  will  be  seen  that  with  the  ordinary  engine  and  train 
the  maximum  loads  on  any  of  the  spans  will  be  2  666  pounds  per  foot. 
With  the  cars  alone,  the  maximum  load  will  be  1 513  pounds,  and  with 
the  New  York  Elevated  train,  it  will  be  660  pounds.  It  is  obvious, 
then,  that  an  elevated  road  to  carry  the  heavier  cars  and  engine, 
must  be  built  to  sustain  a  load  about  four  times  as  great  as  that  to 
which  it  would  be  subjected  by  the  New  York  Elevated  train.  Con- 
sidered then,  simply  as  a  question  of  cost,  it  is  obvious  that  if  light  trains 
and  rolling  stock  are  used  on  such  a  road,  it  will  cost  very  much  less 
than  if  a  heavier  class  of  cars  and  engines  are  employed. 

For  these  reasons  and  also  on  account  of  the  reduced  cost  of  running, 
the  advantages  of  using  light  rolling  stock  for  any  rapid  transit  road,  but 
especially  for  an  elevated  railroad,  are  apparent.  As  already  stated,  the 
weight  per  passenger  of  the  ears  in  use  on  the  Elevated  Railroad  is 
less  than  that  of  any  employed  on  any  steam  railroad  in  the  country,  if  we 
except  perhaps  some  ordinary  Ik  >rse  cars  which  are  hauled  1  >y  engines.  It  is 
therefore  recommended  that  the  cars  for  a  rapid  transit  road  be  made  sim- 
ilar  to  those  in  use  on  the  Elevated  Railroad.  It  is  thought,  how< 
that  the  advantages  which  are  gained  by  depressing  the  ear  body  between 
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the  trucks,  so  as  to  bring  the  centre  of  gravity  of  the  car  lower,  do  not 
compensate  for  the  additional  weight  which  is  thus  added  to  the  car.  and 
for  the  reduction  of  the  strength  of  the  car  body,  owing  to  the  fact  that 
it  is  then  impossible  to  extend  the  centre  floor  timbers  through  the  whole 
length  of  the  car  body  from  one  end  to  the  other.  The  use  of  similar  cars 
but  without  the  depression  referred  to,  is  therefore  recommended  ;  the  cars 
to  be  arranged  so  that  the  centre  of  gravity  is  still  kept  as  low  as  possible. 
This  can  be  done  by  allowing  the  wheels  to  run  up  under  the  seats  in  the 
same  way  that  they  do  in  ordinary  horse  cars.  The  weight  of  such  cars 
il  48  passengers  would  be  only  10  800  pounds,  or  225  pounds  per 
passenger,  and  as  will  be  seen  in  the  preceding  table,  the  weight  per  foot 
will  not  exci  ed  600  pounds  in  any  of  the  spans.  Perhaps  a  shorter  car. 
with  but  four    wheels,  might  he  found  even  more  desirable. 

By  placing  the  doors  of  such  cars  in  the  sides,  the  exit  and  entrance  of 
passengers  would  undoubtedly  be  facilitated.  If  the  tracks  of  a  road  for 
rapid  transit  are  arranged  so  that  the  cars  would  run  in  a  continuous  cir- 
cuit, thai  is  with  tlie  same  end  in  front  all  the  time  and  not  alternately 
backward  and  forward,  then  the  doors  would  be  required  on  only  one  side 
of  the  cars.  To  guard  against  accidents,  it  will  lie  advisable  to  provide 
double  sets  of  doors,  diie  under  the  control  of  the  passengers,  and  the 
other  under  that  of  the  train  hands. 

The  seats  could  be  arranged  either  lengthwise  of  the  car  so  as  to  facili- 
tate the  ingress  and  egress  of  passengers,  or  they  could  he  placed  cross- 
wise and^the  cars  divided  into  separate  compartments  with  doors  in  each, 
as  in  European  cars.  The  seats  should  he  divided  from  each  other  by  low 
divisions  arranged  so  as  not  to  be  an  inconvenience  to  passengers,  and 
thus  prevent  the  indecent  crowding  of  one  person  against  another,  which 
is  now  so  common  in  nearly  all  public  vehicles. 

The  capacity  of  the  ears  maybe  materially  increased  by  providing 
seats  on  the  roof.  This  will  somewhat  increase  the  rolling  loads  to  be 
provided  for,  but  can  be  made  of  great  service  to  the  working  classes,  by 
charging  only  half  fare  for  such  seats.  They  may  be  protected  from  the 
weather  by  an  awning,  or  even  inclosed  with  sides,  so  as  to  make  the  cars 
two  stories  in  height. 

The  wheels  of  the  cars  should  be  fitted  with  steel  tires,  so  that  they 
may  be  turned  off  perfectly  true  and  of  the  same  diameter,  in  order  to 
make  the  running  of  them  as  smooth  as  possible.  By  making  their  disks 
of  wood   or  of  paper,  introducing  elastic  bearings  under  the  rails,  and 
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securing  perfect  fittings  and  springs,  the  trains  can  be  made  nearly 
noiseless.     They  certainly  will  not  be  heard  so  far  as  an  omnibus. 

Locomotives  similar  to  those  in  use'  on  the  line  referred  to,  but  about 
1  600  pounds  lighter,  and  with  some  slight  improvements  in  design  and  of 
better  construction,  will,  it  is  believed,  answer  all  the  requirements  of  a 
rapid  transit  railroad  better  than  any  other  class  of  locomotive  now  in  use- 
Experience  doubtless,  will  indicate  some  modifications  in  the  motive 
power ;  but  suggestions  from  that  source,  it  is  believed,  will  be  much 
more  reliable  than  any  deductions  the  committee  may  make. 

The  running  of  the  trains  will  be  much  facilitated  by  placing  the 
stations  on  summits,  so  as  to  utilize  the  force  of  gravity,  both  in  stop- 
ping and  starting.  For  this  purpose,  grades  as  steep  as  100  feet  per 
mile  may  be  employed,  preferably  arranged  in  the  form  of  vertical 
curves.  They  may  be  located  on  the  main  line  at  stations  where  all 
trains  are  to  stop,  or  on  side  tracks  forming  a  loop  fine  as  proposed  in  the 
plans  of  Mr.  C.  W.  Hunt,  at  stations  where  only  part  of  the  trains  stop. 

The  question  of  the  maximum  capacity  of  such  a  railroad  for  carrying 
passengers  during  certain  hours  of  the  day  is,  however,  an  important  one. 
This  capacity  may  be  limited  by  the  number  of  trains  which'  can  be  run 
during  that  time,  and,  consequently,  by  the  size  of  the  trains,  so  that  it 
might  be  desirable  to  increase  the  number  of  cars  on  each  train  during 
the  morning  and  evening.  Without  accurate  surveys,  or  without  having 
the  route  definitely  determined,  it  is  impossible  to  tell  what  the  maximum 
grades  will  be,  which  must  be  encountered.  On  the  assumption  that  the 
steepest  grade  will  be  80  feet  per  mile,  and  that  the  resistance  of  a  train  will 
be  40  pounds  per  ton  (of  2  000  pounds),  the  total  resistance  of  the  proposed 
train  of  three  cars  and  the  locomotive  would  be  1  260  pounds.  Assuming 
the  'adhesion  of  the  engine  to  be  one-sixth  of  the  weight  on  the  driving 
wheels,  an  adhesive  weight  of  7  500  pounds  will  be  needed,  so  that  a  four- 
wheeled  engine,  with  all  its  weight  on  its  four  wheels,  and  weighing  9  000 
pounds,  will  give  abundant  adhesion  for  the  loa'd  to  be  haided.  From 
the  table  previously  given,  it  will  lie  seen  that  the  weight  of  the 
train  composed  of  such  cars  and  engines  as  have  been  proposed,  will 
not  exceed  600  pounds  per  running  foot.  If,  however,  it  shovdd  be 
found  desirable  to  increase  the  number  of  cars  in  the  train  to  five  or 
six,  so  that  its  weight  would  be  from  50  to  60  tons,  then  the  proposed 
engine  would  not  have  sufficient  adhesion  or  steam  producing  power. 
The  requisite  power  could  very  easily  be  provided  by  simply  increasing 
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the  size  and  weight  of  the  engines.  If  this  is  done,  however,  a  greater  load 
will  be  concentrated  on  each  of  the  spans  of  the  structure  of  an  elevated 
road  as  the  train  passes  over  them.  It  would,  therefore,  be  necessary  to 
increase  their  strength,  and  consequently  the  whole  cost  of  the  struc- 
ture. It  would  obviously  be  better,  if  more  engine  power  is  required, 
to  distribute  the  weight  on  more  wheels,  and  over  a  greater  length  of 
track.  For  this  reason,  if  it  should  be  found  necessary  to  increase  the 
number  of  cars  in  the  train  to  five  or  six,  eight-wheeled  tank  engines  could 
be  used.  The  modification  of  the  ordinary  construction  which  is  re- 
commended, is  that  an  auxiliary  pair  of  cylinders  with  a  separate  steam- 
pipe  and  throttle-valve,  be  added  to  the  truck.  As  the  additional 
power  would  he  needed  only  in  ascending  the  heavy  grades,  the  auxiliary 
cylinders  could  be  employed  only  at  such  tie 

With  an  engine  of  this  kind,  the  weight  would  be  distributed  on  eight 
instead  of  four  points,  and  over  a  greater  length  of  track,  so  that  there 
would  be  very  little  more  concentrated  load  than  with  the  lighter  loco- 
motive and  the  proposed  train.  The  same  result  could  be  accomplished, 
by  coupling  two  of  the  lighter  engines  above  described,  at  the  head  of  the 
train.  This  would  be  preferable  on  some  accounts,  hid  wouldinvolvi 
engineers  and  two  firemen,  instead  of  one  single  crew. 
Location-  of  Routes. 

It  was  stated  when  discussing  the  character  of  the  structure,  that  this 
could  not  be  definitely  settled  without  the  advice  and  concurrence  of  the 
capital  which  was  to  build  it.  This  co-operation  is  even  more  necessary 
in  the  location  of  the  routes.  Indeed,  the  character  of  the  structure 
required  will  vary  so  much  with  the  location,  that  the  two  must  he  taken 
up  and  decided  together,  with  the  assistance  of  those  who  represent  the 
money  which  is  to  pay  for  the  work. 

After  careful  examination  of  the  various  routes  which  have  been  advo- 
cated before  your  committee,  it  is  of  opinion  that  the  present  wants  oi 
the  population  [  be  served  by  two  rapid  transit   roads,    one   on 

the  east  and  another  on  the  west  of  Central  Park.  The  one  on  the  east 
side  may  be  either  on  the  line  of  Third  or  of  Fourth  avenue.  If  upon 
the  latter  (and  your  committee  is  of  opinion  that  this  would  prove  both 
the  most  valuable  and  the  most  convenient  route),  it  should  be  built  as 
an  extension  of  the  Fourth  Avenue  Improvement  of  the  Harlem  Railroad, 
and  under  the  control  either  of  that  company,  or  of  a  corporation  holding 
a  contract  with  it  to  run  its  trains  through  the  tunnel  from  Thirty -fourth 
to  Forty-second  streets,  and  over  the  tracks  intended  for  local  bus; 
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north  of  Forty-second  street,  so  as  to  avoid  all  transfer  of  rapid  transit 
passengers  at  that  point.  The  estimates  of  revenue  and  operating 
expenses  upon  this  line,  which  will  be  found  in  the  Appendix  B, 
indicate  that  as  much  as  $1  500  000  per  mile  coidd  profitably  be  invested 
on  this  extension,  so  that  if  an  underground  line  is  to  be  carried  out 
anywhere,  this  would  seem  to  be  the  route  to  locate  it  on.  If  built 
as  an  elevated  road,  there  would  be  some  difficulty  in  raising  the  track 
after  emerging  from  the  tunnel  at  Thirty -fourth  street,  so  as  to  avoid 
blocking  some  of  the  cross  streets.  This  might  be  obviated  either  by 
running  a  short  distance  through  the  blocks  towards  Lexington  avenue, 
to  make  use  of  the  slope  of  the  ground,  or  by  raising  the  crown  of  the 
tunnel ;  but  it  can  best  be  settled  by  surveys.  In  fact,  surveys  would  be 
absolutely  necessary  to  settle  the  location  of  the  whole  line,  but  your  com- 
mittee may  indicate  as  a  feasible  route — that  following  Fourth  avenue  to 
Eighth  street,  thence  through  Lafayette  Place,  Mulberry,  Marion,  Centre 
and  Nassau  streets  to  the  Battery.  Through  Fourth  avenue  and  Lafayette 
place  the  traffic  is  so  considerable  upon  the  streets,  that  it  seems  proper 
that  posts  shall  not  be  placed  in  the  roadway,  but  that  the  support  shall 
be  taken  at  the  line  of  the  sidewalk,  and  the  road  constructed  either 
over  the  posts,  on  each  side  of  the  street,  or  over  the  middle  of  the 
street,  and  supported  by  girders  resting  on  the  posts  along  the  inside 
line  of  the  curbs,  even  at  the  increased  cost  this  plan  involves.  Below 
the  southern  end  of  the  latter,  the  streets  mentioned  are  all  narrow,  and 
offer  favorable  circumstances  for  cheap  construction  over  the  middle  of 
the  street. 

All  of  this  line  should  be  built  with  at  least  two  tracks.  The.  design  <  >1 
the  structure  will  vary  greatly  with  the  width  of  street  between  sidewalks. 

In  order  to  accommodate  the  portion  of  the  city  below  Union  Square, 
east  of  the  line  above  described,  a  double-tracked  loop  line  would  be 
advisable  ;  diverging  from  the  main  line  at  some  convenient  point,  and 
running  into  it  again  near  the  Battery.  It  wovdd  perform  the  double 
office  of  permitting  a  better  accommodation  of  the  popidation,  and  of  re- 
lieving the  accumulation  of  trains  over  the  lower  part  of  the  line. 

If  it  shoidd  be  preferred  to  build  the  rapid  transit  road  upon  the 
line  of  Third  avenue,  the  same  line  cordd  be  followed  from  the  Battery 
to  Eighth  street,  and  thence  extended  through  the  blocks  to  Third 
avenue.*      Through  this  avenue,  the  character  of  structure  would  proba- 

*  Attention  is  called  to  the  route  proposed  by  Messrs.  Buel,  which  for  the  southern 
portion  of  the  distance  agrees  very  closely  with  that  abovo  indicated  by  the  committee, 
and  over  which  the  character  of  structure  proposed  by  them  would  apply  very  well. 
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bly  have  to  vary  with  the  locality.  Over  certain  portions,  it  would  be  ad- 
visable to  divide  the  road  in  two  and  to  run  one  track  on  each  side,  placing 
its  centre  over  the  edge  of  the  sidewalk  and  supporting  it  upon  small 
groups  of  columns,  and  at  certain  other  points  it  might  be  practicable  to 
place  posts  in  the  roadway.  A  requirement  that  the  tracks  should  be  over 
the  centre  of  the  street,  and  the  bearing  taken  from  the  edge  of  the  side- 
walk, would  more  than  double  the  expense.  It  seems  doubtful  whether 
capital  could  be  found  to  take  up  this  hue,  should  such  a  condition  be 
insisted  upon. 

On  the  west  side  a  corresponding  location  would  occupy  the  line  of 
either  Ninth,  or  of  parts  of  Seventh  and  Eighth  avenues.  If  located  on 
Ninth  avenue,  the  construction  might  be  entrusted  to  the  New  York 
Elevated  Eailroad  Co. ;  which  should,  however,  be  required  greatly  to 
improve  the  present  character  of  its  structure. 

Over  many  portions  of  Ninth  avenue,  the  committee  believes  that 
posts  could  be  placed  in  the  roadway  without  serious  detriment  to  the 
surface  traffic.  The  lower  portion  of  the  route  might  pass  over  Green- 
wich avenue  and  Washington  Square  to  the  line  of  Greene  and  Church 
streets,  the  latter  to  lie  followed  to  the  Battery,  and  a  connection  made 
there,  as  well  as  on  Ninth  avenue  near  Sixteenth  street,  with  the  present 
road  of  the  company,  which  would  become  a  loop  line.  The  new  portion 
above  indicated  should  all  be  double-tracked,  placed  over  the  centre  of 
the  streets,  which  are  all  narrow,  and  take  its  support  at  the  edge  of 
the  curbstones. 

If,  however,  this  location  be  thought  too  far  west,  the  line  could  di- 
verge from  Greenwich  avenue  at  the  intersection  of  Seventh  avenue  and 
follow  this  to  Central  Park.  Over  this  portion  of  the  route,  either  posts 
should  be  placed  in  the  roadway,  or  a  single  track  be  carried  over 
the  edge  of  the  sidewalk  on  each  side  of  the  street.  Above  Fifty-ninth 
street,  the  road  could  either  be  carried  through  Central  Park,  or,  crossing 
a  portion  of  it,  be  located  over  the  sidewalk  on  the  eaet  side  of  Eighth 
avenue,  one  [post  resting  on  the  Park  wall  and  the  other  on  the  edge  of 
the  curb.  Before  deciding  upon  such  a  location,  however,  careful  en- 
quiry should  be  made  as  to  its  probable  effect  upon  the  value  of  the 
choice  residence  lots  on  the  other  side  of  Eighth  avenue.  Apprehensions 
lest  the  road  in  this  location  should  mar  the  view  of  the  Park  are  perhaps 
exaggerated.  It  would  be  at  least  80  feet  away  from  the  nearest  resi- 
dence, and  could  not  be  more  unsightly  than  the  present  tall  row  of  tele- 
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graph  poles,  the  removal  of  which  would  then  become  possible  by  trans- 
ferring the  wires  to  the  elevated  railway. 

The  great  width  of  the  Boulevard,  and  the  fact  that  a  strip  22  feet 
in  width  has  been  laid  out  as  a  lawn  in  its  centre,  from  59th  to  126th 
streets,  offer  a  tempting  location  for  a  rapid  transit  road.  The  surface 
grades  are  at  some  points  too  steep  to  be  followed,  and  the  road  would 
have  to  be  partly  elevated  and  partly  in  excavation.  If  the  Boulevard, 
however,  is  to  be  reserved  as  a  public  drive,  a  railroad  should  not  be 
located  in  it,  and  it  is,  perhaps,  too  far  to  the  west  to  form  a  harmonious 
part  of  the  system  which  will  eventually  be  required. 

The  two  rapid  transit  roads  above  indicated,  through  either  Third  or 
Fourth  avenues  on  the  east  side,  and  through  either  Eighth  or  Mnth 
avenues  on  the  west  side,  are  quite  as  much  as  should  at  first  be  under- 
taken, and  will  for  some  time  accommodate  the  Avants  of  the  population. 
They  will  rapidly  develop  new  business,  by  inducing  building  in  the 
wilderness  in  the  upper  part  of  the  island,  and  makedt  possible  to  com- 
plement them  in  a  few  years  by  an  additional  parallel  Hue  on  each  side. 
These  may  be  next  to  the  water  front,  and  located  over  a  freight  rail- 
road on  the  surface,  which  the  committee  recommends  in  the  second  part 
of  this  report.  Their  general  location  must  be  taken  into  account  in  de- 
signing the  first  lines  to  be  built,  but  the  exact  details  may  be  left  to  be 
settled  by  time. 

The  committee  is  conscious  that  its  description  of  the  routes  pro- 
posed is  somewhat  vague.  It  confesses  that  it  is  unable  to  determine 
what  would  be  absolutely  the  best  details  of  location.  Although  its 
members  have  carefully  considered  the  different  routes  which  have  been 
proposed,  and  have  examined  most  of  them  on  the  ground,  they  do  not 
feel  competent  to  decide  positively  the  exact  lines  to  be  adopted,  without 
consultation  with  the  parties  interested,  and  fuller  surveys  and  estimates 
of  cost  than  they  have  been  enabled  to  make. 

The  most  economical  and  advantageous  location  depends  so  much 
upon  the  character  of  structure  adopted,  and  this  again  is  so  much  in- 
fluenced by  the  location,  while  the  views  and  interests  of  property  owners 
and  of  the  public  are  so  diverse,  that  it  wiU  hardly  be  expected  that  these 
details  shall  be  settled  by  a  committee  of  the  Society. 

BY  WHOM    SHAili     THE    KoADS     BE     CONSTRUCTED  ? 

Your  committee  has  thus  far  assumed  that  the  rapid  transit  roads  were 
to  be  built  by  private  capital,  and  operated  so  as  to  make  them  profitable 
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investments.  This  can  be  done,  and  is  the  best  way  to  promote  close 
economy.  But  capital  has  thus  far  refused  to  embark  in  the  enter- 
prise, and  in  the  pressing  needs  of  the  case  it  has  been  proposed  that  the 
city  undertake  the  work.  Whether  this  would  be  within  its  municipal 
powers  is  a  question  for  legal  counsel  to  determine,  but  your  committee 
sees  no  good  reason  why  cities  may  not  hereafter  build  railroads  within 
their  limits  for  public  accommodation,  or  even  appraise  and  condemn 
existing  tracks,  when  such  becomes  necessary  to  protect  the  interests  of 
the  public.  Yet  it  deems  that  one  niore  effort  should  first  be  made  to 
enlist  private  capital  in  the  enterprise.  Construction  by  the  city  will 
meet  with  great  opposition.  It  is  so  foreign  to  American  ideas,  so 
fraught  with  political  dangers,  that  it  is  looked  upon  by  taxpayers 
(whom  your  committee  have  consulted),  with  great  suspicion.  They 
fear  that  it  would  lead  to  the  adoption  of  unwise  plans,  to  loss  of 
time,  and  to  waste  and  extravagance  in  construction  and  operation. 
There  are  circumstances  under  which  the  city  could,  with  propriety, 
build  and  own  a  railway,  and  in  another  part  of  this  report  it  will  be 
found  that  the  committee  recommends,  as  a  part  of  the  full  development 
of  the  system  of  city  docks,  the  construction  by  the  city  of  a  freight 
railroad  along  the  water  front;  but  the  rapid  transit  question  is  one 
fraught  with  so  many  contingencies,  and  susceptible  of  so  many  abuses, 
that  only  with  the  greatest  reluctance  would  the  committee  see  it  en- 
trusted to  a  political  organization.  There  is,  perhaps,  no  good  reason 
why  work  undertaken  by  public  authorities  should  cost  more  than  if  done 
byprivate  parties  ;  yet  it  has  been  the  uniform  experience  that  no  method 
has  been  found  so  efficient  to  promote  economy,  as  by  bringing  to  bear 
that  close  attention  which  springs  from  personal  interest.  If,  however, 
it  becomes  absolutely  certain  that  private  capital  will  not  take  up  the 
project,  it  may  be  that  the  city  will  be  compelled  to  build  the  road  as 
a  municipal  work. 

Hitherto  the  course  that  has  been  pursued  has  resulted  in  retarding 
rather  than  in  advancing  the  accomplishment  of  rapid  transit.  The 
Legislature,  when  about  to  grant  a  charter,  very  properly  wishes  to  con- 
fine the  grant  by  some  specifications,  to  protect  both  public  and  private  in- 
terests. It  wishes  to  know  the  route,  the  character  of  structure  and  the 
mode  of  operating.  It  cannot  examine  into  the  endless  complexity  of 
detail  that  is  sure  to  be  required  for  a  successful  road,  but  desires  some 
simple  plan,    easily   explained,  which   legislators   can  unders*  md 
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glance  ;  and  from  the  very  nature  of  things  this  cannot  be  made  to  apply 
indiscriminately  to  all  parts  of  the  line.  Parties  applying  for  charters 
have,  therefore,  hitherto  confined  themselves  to  a  single  design,  while  the 
road  should  perforce  be  of  many  designs,  and  even  these  should  be  sus- 
ceptible of  change  and  improvement,  as  the  work  progresses  and 
fresh  facts  and  requirements  become  known.  Whenever,  therefore, 
parties  have  succeeded  in  obtaining  a  charter,  they  have  found  them- 
selves so  hampered  with  impracticable  conditions  that  capital  has  been 
unwilling  to  take  up  the  imperfect  schemes. 

Capital,  on  the  other  hand,  has  been  hitherto  unwilling  to  incur  the 
very  considerable  expenses  necessary  for  surveys,  plans,  estimates,  and 
careful  comparison  of  the  merits  of  different  routes  or  modes  of  con- 
struction in  each  part  of  the  city,  which  alone  can  form  the  basis  of  an 
adequate  design — until  it  was  known  that  a  charter  could  be  obtained.  Had 
surveys  and  plans  been  made,  they  might  have  become  useless  by  a  legis- 
lative change  of  a  few  lines  in  the  proposed  charter.  In  other  words,  the 
law-makers  have  been  unwilling  to  grant  charters  until  they  knew  on 
what  plans  the  roads  were  to  be  built,  and  capital  has  refused  to  make  in 
advance  the  necessary  surveys  and  investigations,  upon  which  alone 
adequate  plans  could  be  based. 

It  has  occurred  to  your  committee  that  this  approximation  to  a  dead 
lock,  may  have  been  hitherto  the  most  serious  obstacle  in  the  way  of 
rapid  transit,  and  that  it  indicates  a  new  condition  and  requirement  of 
legislation.  Here  are  great  public  and  private  interests  in  endless  detail 
to  be  protected,  while  at  the  same  time  capital  must  be  left  sufficiently 
free  to  find  the  most  economical  solution  of  the  many  problems  pre- 
sented. The  details  of  the  location  of  the  route,  the  required  character 
of  structure  at  each  point,  the  method  of  carrying  on  the  work,  the 
mode  of  operation  of  the  line,  are  sure  to  raise  questions  in  great  num- 
ber as  the  building  of  the  road  progresses,  which  must  be  taken  up 
and  decided  singly  and  successively,  yet  in  accordance  with  a  general 
plan,  in  such  manner  as  to  inflict  the  least  injury  possible  upon  the 
public  and  the  property  owners,  and  at  the  same  time  cost  as  little  as 
practicable  to  the  corporation.  Onerous  requirements  might  defeat  the 
building  of  the  road  ;  unrestricted  powers  might  work  oppression.  How 
shall  all  these  details  be  settled  ? 

The  recent  amendments  to  the  State  constitution  may  lead  to  a  solu- 
tion of  the  difficulty.     Your  committee  understands  that  these  amend- 
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ments  affect  the  question  of  rapid  transit  in  two  ways  :  first,  they  pro- 
hibit  the  further  granting  of  special  charters  ;  second,  they  forbid  city 
aid  to  private  corporations. 

Under  these  circumstances  there  seem  to  be  but  three  courses  open  : 
first,  the  rapid  transit  roads  must  be  built  by  private  capital  under 
existing  charters  ;  or  second,  they  must  be  built  by  private  capital 
under  some  general  law  not  yet  passed  ;  or  third,  the  city  must  itself 
undertake  the  work. 

Unless  the  work  shall  be  undertaken  very  soon  under  an  existing 
charter,  it  seems  important  to  frame  a  general  law  which  will  induce 
the  building  of  rapid  transit  roads  by  private  capital.  The  difficulty  will 
be,  to  protect  public  and  private  interests  while  granting  all  possible  pri- 
vileges to  the  corporations.  It  might  even  be  necessary  to  provide 
against  the  formation  of  rival  companies  for  a  term  of  years,  and  espe- 
cially to  forbid  any  company  to  occupy  the  much-coveted  Broadway 
route. 

A  valuable  suggestion  is  contained  in  the  scheme  to  build  by  the  city. 
as  well  as  in  the  bill — offered  by  Hon.  H.  G.  Eastman  last  winter.  Both 
proposed  to  appoint  a  commission  to  supervise  the  location  and  con- 
struction of  the  roads.  If  the  Legislature  will  clothe  with  adequate  powers 
a  commission  of  the  soundest,  purest  and  most  prudent  citizens  of  this 
city  representing  all  existing  interests,  who  are  thoroughly  informed 
and  who  will  give  their  whole  time,  it  would  seem  possible,  with  the  aid 
of  the  leading  officials  of  the  city  and  the  engineers  of  the  various  city 
departments,  to  de\  i  me  which  would  lead  to  the  organization  of 

two  private  corporations,  to  each  of  which,  a  side  of  the  city  could  be 
assigned.  The  general  routes  could  be  approximately  defined  by  the  gen- 
eral law  ;  the  principles  which  should  govern  the  character  of  the  struc- 
ture in  different  localities  could  be  laid  down,  but  the  details  would  be 
determined  best  by  the  commission  when  the  work  comes  to  be  executed. 

Such  a  commission  should  have  pretty  full  powers  to  superintend 
the  location,  construction  and  operation  of  the  roads,  and  to  require 
the  character  of  the  structure  to  be  changed  over  particular  sections, 
should  the  growth  of  street  traffic  hereafter  demand  it.  It  should  have 
access  to  all  the  accounts  of  cost;  and  the  city  shoidd  retain  the  right  of 
purchasing  the  roads  at  cost  or  at  a  valuation,  should  public  (interests 
hereafter  require  it.  The  chief  reliance  for  the  protection  of  the  travel- 
ling public  will  be  in  fixing  the  rates  of  fares,  and  providing  that  cheap 
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trains  shall  be  run  for  workmen,  morning  ami  evening  ;  but  otlier  details 
will  have  to  be  settled  by  the  commission. 

The  owners  of  property  in  the  upper  part  of  the  island  are  so  largely 
interested  in  the  early  building  of  rapid  transit  roads  that  it  is  thought 
they  would  take  an  active  part  in  organizing  and  furnishing  the  means 
for  building  the  roads.  They  could  afford  to  wait  some  years  for 
direct  returns  upon  their  investment,  in  view  of  the  increased  value  it 
would  give  to  their  lands.  Indeed,  it  is  vital  to  them,  and  it  will  pro- 
bably be  through  their  efforts  that  rapid  transit  will  become  possible. 
Without  it,  they  can  hope  for  but  small  increase  of  prices  or  sales,  and 
they  could  actually  afford  to  sink  the  whole  cost  of  the  roads  required, 
for  the  sake  of  the  greater  value  it  will  give  to  their  now  drooping  pro- 
perties. 

The  control  of  the  roads,  however,  should  by  preference  be  offered  to 
those  who  now  control  the  existing  lines  of  transportation  in  the  terri- 
tory which  may  be  selected,  upon  such  routes  as  they  shall  themselves 
indicate,  but  subject  to  the  control  of  the  commission.  These  gentle- 
men are  in  better  position  than  any  new  parties  to  construct  and  op- 
cheaply  such  roads,  and  they  have  interests  which  shovdd  on  no  account 
be  arrayed  against  rapid  transit.  If,  however,  they  fail  to  organize  under 
a  general  charter,  with  conditions  which  will  insure  building  the  roads 
within  a  reasonable  time,  other  capitalists  should  be  invited  to  come  in. 
As  a  last  resort,  it  may  be  advisable  to  take  the  lines  up  as  a  city  work, 
and  to  defray  a  part  of  the  cost  from  an  issue  of  city  bonds,  and  a  part 
from  taxes  laid  directly  against  the  property  to  be  benefited  thereby. 

As  a  result,  therefore,  of  the  consideration  of  all  the  plans  and  schemes 
that  have  been  submitted  to  your  committee,  and  of  the  arguments  that 
have  been  made  for  or  against  them,  it  has  reached  five  conclusions  : 

1st.  In  order  to  be  profitable,  with  the  fares  and  volume  of  business 
likely  to  be  obtained,  double-tracked  rapid  transit  roads  should  not  be 
planned  to  cost,  fully  equipped,  much,  if  any,  more  than  from  $700  000 
to  $1  125  000  per  mile,  according  to  location,  and  this  points  to  some 
form  of  elevated  railroad  as  the  leading  feature  of  the  design  to  bi 
recommended. 

2d.  The  right  of  way  must  be  given  to  them,  over  streets  selected  for 
that  purpose,  and  they  should  be  operated  by  locomotives  and  by  cars  of 
somewhat  different  construction  than  those  in  use  in  this  country,  and 
made  very  much  fighter  than  ordinary  rolling-stock. 
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3d.  The  character  of  the  structure  carrying  the  roads  should  vary 
with  the  location,  so  as  to  adapt  itself  to  the  local  circumstances  of  each 
case.  No  one  single  plan  is  likely  to  prove  applicable  over  all  parts  of 
the  city.  The  general  principles  which  should  govern,  have  been  set 
forth  in  the  body  of  this  report. 

4th.  There  should  presently  be  two  roads,  one  on  the  east  and  another 
on  the  west  side  of  Central  Park,  to  be  eventually  complemented  by  one 
additional  road  on  each  side.     The  latter  may  be  along  the  water  front. 

5th.  Another  effort  should  be  made  to  induce  private  capital  to  build 
them.  If  this  tails,  they  might  be  taken  up  by  the  city  and  built  as 
municipal  works. 

The  needed  roads  can  be  built  in  one  year.  It  seems  an  object  not 
unworthy  the  highest  ambition  of  its  leading  citizens,  to  confer  rapid 
transit  on  the  city  of  New  York.  The  soundness  or  fallacy  of  these 
conclusions,  and  the  consequences  which  result  from  them,  must  be 
established  by  the  discussion  which  you  shall  give  to  this  report. 

The  Society  can  hardly  realize  the  labor  which  this  investigation  has 
imposed  upon  your  committee.  It  has  condensed,  as  well  as  it  coidd,  the 
most  valuable  considerations  presented  by  others,  and  yet  the  report  has 
swelled  to  inordinate  length.  It  called  for  information,  and  it  got  more 
than  it  could  properly  manage  within  the  time  at  its  disposal.*  If  it  has 
•  ■ded  in  bringing  the  question  within  narrower  limits,  and  in  clear- 
ing a  foundation  for  other-  to  build  on,  although  it  does  not  recommend 
more  definite  plans,  either  of  structure  or  of  location,  it  will  feel  that  its 
labors  have  not  been  altogether  in  vain. 

Part  II. — The  best  and   cheapest   methods    of  delivering,    storing 

WD   DISTRIIH'TIN'G    GOODS   AND    FREIGHT. 

Your  committee  feels  very  fully  impressed  with  the  belief  that  the 
freight  question,  although  it  has  attracted  less  public  attention,  is  of  even 
greater  and  more  vital  importance  to  the  prosperity  of  the  city  of  New 
York,  than  the  rapid  transit  question. 

The  plans  now  in  use  for  receiving  and  handling  a  large  portion  of  the 
produce  and  goods  which  arrive  in  the  city  of  New  York  for  export  and 
Eor  distribution,  were  made  by  a  preceding  generation.  They  may  have 
been  wise  and  liberal  in  their  day,  but  they  were  designed  with  sole  ref- 
erence to  water  transportation,  and  for  a  business  very  much  smaller  than 
that  of  the  present  day,  and,  in  some  respects,  of  different  character. 

*  This  material  (equivalent  to  about  10  octavo  volumes)  is  handed  to  the  Society  with 
this  report. 
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They  have  now  been  fairly  outgrown  by  the  enormous  increase  of  trade, 
and  a  new  element  has  been  introduced  by  the  invention  and  rapid  de- 
velopment of  railways,  so  that  methods  which  were  once  the  cheapest,  and 
best  adapted  to  the  commerce  of  this  port,  now  prove  cumbrous,  compli- 
cated and  expensive,   simply  by  the  growth  of  the  traffic. ' 

It  is  the  opinion  of  your  committee  that  several  millions  of  dollars 
can  annually  be  saved  to  the  merchants  of  this  city  and  to  the  country 
at  large,  by  remodeling  and  improving  the  mode  of  transacting  some 
classes  of  business. 

Deeming  all  theories  and  plans  of  but  little  value  unless  based  upon 
the  solid  ground  of  ascertained  facts,  your  committee,  from  the  begin- 
ning of  its  enquiry  into  the  handling  of  goods  and  freight  received  at 
this  port,  undertook  to  ascertain  the  exact  volume  and  weight  of  the  re- 
ceipts of  each  class  of  articles  from  all  sources,  distinguishing  between 
those  received  by  railroad  and  those  coming  by  water.  The  results  were 
carefully  tabulated,  and  in  the  tables,  it  is  attempted  to  show  the  general 
method  of  dealing  with  each  class  of  articles  after  arrival,  and  the  cost 
per  ton,  as  well  as  the  aggregate  cost  of  conveying,  storing,  and  finally 
disposing  of  them.  In  other  words,  the  committee  undertook  to  ascer- 
tain the  actual  terminal  expenses  incurred  for  each  class  of  articles  while 
in  the  hands  of  the  New  York  merchants. 

For  lack  of  sufficient  time,  these  tables  have  not  been  completed. 
Notwithstanding  the  valuable  aid  furnished  by  the  members  of  the 
Produce  Exchange,  and  by  many  gentlemen  in  possession  of  particular 
facts,  it  was  found  that  the  data  were  so  scattered,  that  there  were 
so  many  articles  of  which  no  returns  could  be  obtained,  such  as 
market  produce,  lumber,  brick,  stone,  &c,  &c,  arriving  for  local  con- 
sumption ;  that  there  were  besides  so  many  variations  in  the  cost  of  hand- 
ling the  same  class  of  articles,  that  nothing  like  a  full  and  complete  table 
could  be  constructed  in  the  time  at  the  disposal  of  the  committee. 

The  committee,  however,  appends  hereto  a  table  pertaining  to  the 
receipts  of  domestic  produce,  which  it  has  been  enabled  to  compile  with 
sufficient  accuracy  to  form  some  idea  of  the  charges  which  arriving  prop- 
erty has  to  bear  at  this  port.*  It  will  be  noted  that  these  charges  vary 
from  $1  to  $10  per  ton,  and  that  they  averaged  83.07  per  ton  upon  the 
4  631  700  tons  of  receipts  covered  by  the  table.     That  some  of  these  can 

*  The  committee  also  hands  in  to  the  Society  a  large  mass  of  information  which  it  has 
gathered  on  this  subject,  and  which  it  hop  up.  or  to  place  at  the  disposal  of 

parties  who  may  wish  to  continue  this  im  | 
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be  materially  reduced  will,  perhaps,  be  shown  best  by  taking  up  the  case 
of  particular  receipts.  Thus  flour  arrives  mainly  by  rail  and  is  generally 
delivered  at  Coenties  Slip.  It  is  thence  carted  to  various  stores  in  the  vi- 
cinity, at  a  cost  of  about  4  cents  per  barrel.  The  storage  charged  is  generally 
3  cents  per  barrel  per  month,  and  as  it  is  estimated  that  the  average  time 
is  about  a  month  and  a  half,  this  amounts  to  il  cents  per  barrel,  in  addi- 
tion to  which  3  cents  are  charged  by  the  store  for  handling  in  and  out. 
When  sold,  the  flour  is  delivered  from  store  at  a  cost  of  7  cents  per  barrel 
if  lightered,  and  of  8  cents  if  drayed  ;  say  an  average  of  7£  cents.  These 
various  handlings,  however,  injure  some  of  the  barrels,  and  ii  is  estimated 
by  those  in  the  trade  that  there  is  a  cost  averaging  3  cents  per  barrel  for 
re-coopering.  If  tins  Hour  could  be  delivered  direct  from  the  railroad 
cars  in  which  it  arrives,  into  warehouses  suitably  located,  the  cost  would 
be  diminished  by  at  least  7  cents  per  barrel,  thus  effecting  a  saving  in 
this  item  alone,  of  at  least  $225  000  a  year  in  extra  drayage,  handling 
and  re-coopering. 

In  the  case  of  cotton,  which  mainly  arrives  by  water,  a  considerable 
part  of  the  receipts  are  drayed  from  the  vessels  to  stores  and  cellars  in 
the  vicinity  of  Hanover  Square,  and  when  sold  is  drayed  back  again 
to  the  water's  edge  to  be  shipped  to  destination.  One  of  these  two  dray- 
ages,  which  cost  about  $2  per  ton.  could  lie  saved  by  a  proper  system  of 
warehouses  located  on  the  water  front,  and  they,  moreover,  expose  the 
cotton  to  a  waste  and  stealage,  which  is  estimated  by  parties  in  the  trade 
as  averaging  from  10  to  15  pounds  per  bale.  It  is  estimated  .that  an 
average  of  about  30  cents  a  bale  can  be  saved  by  improved  methods,  and 
this  alone  will  amount  to  $286  500  a  year. 

Reference  is  made  to  the  table  for  other  classes  of  property  upon  which 
needless  terminal  expense  is  incurred.  Itmay.however.be  stated  in  general 
terms  that,  in  consequence  of  the  manner  in  which  business  has  grown 
to  be  managed,  there  is  now  a  needlessly  large  amount  of  double  hand- 
ling and  drayage  on  many  classes  of  goods  which  can  be  sold  by  sample 
or  grade,  and  which  are  loaded  and  drayed  inland  to  the  store  or  cellar 
of  the  consignee,  only  to  be  reloaded  and  drayed  back  again  to  the 
water's  edge;  and  in  some  cases  reshipped  by  the  very  line  which  origin- 
ally brought  them  in.*     These  are  onerous  charges  ;  they  have  already, 


*  Owing  to  its  volume  and  to  the  crowded  condition  of  the  streets,  this  cartage  is  also  need- 
lessly expensive.  There  are  frequent  stoppages  in  the  streets  and  much  waiting  at  the  points 
of  delivery.  Drays  stand  sometimes  as  long  as  24  hours  in  line,  waiting  for  a  chance  to  unload 
at  a  foreign  steamer,  and  in  one  instance  which  was  cited  to  your  committee,  a  shipment  of 


decreased  the  relative  share  of  the  total  business  of  the  country  transacted 
through  the  port  of  New  York,  and  they  may  in  the  future  seriously 
diminish  it  still  further.  Indeed,  matters  have  now  reached  such  a  con- 
dition that  it  is  probable  that  well  regulated  monopolies  would  serve  the 
public  better,  and  would  prove  cheaper  than  free  competition. 

The  first  relief  which  suggests  itself,  is  to  reduce  still  further  the  trans- 
portation charges,  both  by  water  and  rail;  particularly  the  latter,  which 
each  year  gathers  an  increasing  proportion  of  the  tonnage.  The  railroads 
within  the  past  ten  years  have  reduced  their  freight  rates  to  two-thirds 
or  one-half  their  former  charges,  and  it  seems  logical  that  they  should 
be  asked  to  reduce  them  still  further.  Your  committee  hopes  however,  to 
make  it  clear  that  there  is  a  much  more  pressing  need  of  a  reform  which 
shaU  be  local  to  New  York,  than  of  a  further  reduction  in  freight  rates; 
especially  if  by  the  reduction  the  aggregate  profits  of  the  carriers  are  to  be 
cut  down ;  it  submits  that  the  true  way  to  cheapen  transportation  and  other 
commercial  charges,  should  lead  us  rather  to  seek  for  cheaper  and  more 
effective  methods  of  conducting  the  business  than  to  endeavor  to  cut  down 
the  profits  of  those  who  transact  it,  to  less  than  a  fair  return  upon  their 
investments.  While  therefore,  fully  recognizing  the  justice  of  the  demand 
of  the  public  that  charges  for  freights  shall  be  reduced  to  a  minimum,  that 
the  cost  of  transportation  shall  be  cheapened  by  every  means  which  hu- 
man ingenuity  can  devise,  your  committee  wishes  to  call  attention  to  the 
fact  that,  so  far  as  it  can  ascertain,  railroad  rates  from  the  interior  of  the 
United  States  to  the  seaboard  are  to-day  lower  than  for  equal  distances 
any  where  else  in  the  world.  Notwithstanding  our  inflated  currency,  our 
high  rates  of  wages  and  our  comparatively  sparse  popvdation,  our  railroads 
are  carrying  certain  classes  of  property  more  cheaply  for  long  distances 
than  any  European  lines. 

The  regular  all-rail  rates  on  fourth  class  goods,  which  include  oil-cake, 
mill  feed,  oats,  corn,  wheat,  flour,  pork,  bacon,  beef,  tallow,  lard,  potato  ies, 
peas,  beans,  starch,  soap,  whiskey  and  tobacco,  have  been  during  the 
past  summer  and  fall,  37|  cents  per  100  pounds  from  Chicago,  and  M 
cents  per  100  pounds  from  East  St.  Louis.  This  gives  the  following 
rates  per  ton  and  per  ton  carried  one  mile. 

salt  fish,  and  in  another,  a  shipment  of  butter,  cost  $10  per  ton  for  drayage  from  the  store  to 
the  foreign  steamer.  In  one  case  cited  by  Mr.  Walker,  Statistician  of  the  Produce  Exchange, 
from  whom  valuable  aid  was  received,  drayage  on  his  household  goods  from  Brooklyn  to  the 
New  York  Central  R.  K.  depot  was  more  than  the  freight  thence  to  Buffalo,  a  distance  of  U0 
miles  ;  and  in  another  case  quoted  by  a  firm  in  the  South  American  trade,  th  i  drayage  from 
store  to  ship  was  more  than  the  freight  from  New  York  to  San  Francisco,  around  Cape  Horn. 
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From  Chicago. 

From  East  St.  Louis. 

Route. 

Miles. 

Eate 
per  Ton. 

Eate 

per  Ton 

Per  Mile, 

Cents. 

Miles. 

Rate 
per  Ton. 

Eate 

per  Ton 

per  Mile, 

Cents. 

Via  Pennsylvania  E.  E.  system.. 
"  N.  Y.  Central  E.  E.  and  allies 

913 
957 
979 

$7.50 
7.50 
7.50 

0.821 
0.783 
0.766 

1063 
1160 
1167 

$8.80 
8.80 

8.80 

0.828 
0.758 
0.753 

These  were  the  regular  rates,  while  it  is  notorious  that  in  their  fierce 
rivalry  these  railroads  have  frequently  cut  these  rates  and  accepted  much 
smaller  prices,  amounting  in  some  recent  cases  to  charges  of  0.48,  0.49 
and  0.52  cents  per  ton  per  mile,  while  the  regular  rates  as  above  yield 
little  more  than  0.75  cents  per  ton  per  mile.*  This,  too,  includes 
the  delivery  from  the  railroad  depot  to  a  public  store  or  the  vessel  or 
wharf  of  the  consignee.  How  onerous  this  is.  may  be  judged  from  the 
fact  that  the  Pennsylvania  Railroad  was  put  to  an  expense  of  about 
$700  000  for  receiving  and  delivering  1  100  000  tons  of  freight  at  Jersey 
City  during  the  year  L873;  that  the  Erie  Railway  reports  to  the  State 
Engineer  its  terminal  expenses  in  1873  at  New  York  were  $823  793.32  on 
acommercial  business  of  1  468  928  tons,  ornearly  0  percent,  of  its  entire 
operating  expenses,  which  were  $14  174  185.59,  and  that  the  X.  Y.  Cen- 
tral Railroad  reports  it  expended  in  the  same  your  $59  151.73  for 
hauling  freight  cars  in  New  York  city  and  $545  429.25  for  lighterage  and 
cartage. 

In  general  terms,  it  may  be  said  that  it  costs  from  22  to  85  cents  per 
ton  to  convey  property  arriving  by  rail,  from  the  railroad  depot  to  the 
usual  points  of  delivery  about  the  harbor  of  New  York,  and  that  this  cost 
is  included  in  the  freight  rate  ;  that  it  costs  an  average  of  about  G5  cents 
per  ton  to  transfer  from  Jersey  City  to  New  York,  and  that  therefore  this 
cartage  three-fourths  of  a  mile,  with  the  present  imperfect  methods  of 
doing  the  business,  cost  as  much  as  the  freight  on  85  miles  of  railroad 
and  virtually  lengthen  the  roads  to  that  extent. 


*  Since  the  above  was  written,  there  has  been  a  further  reduction  of  all  rail  rates.  The 
present  nominal  rates  on  fourth  class  goods  (Feb.  10th)  are  35  cents  per  100  pounds  from 
Chicago  to  New  York,  and  40  cents  to  Boston.  From  East  St.  Louis  they  are  39  cents  to  New 
York,  and  44  cents  to  Boston.  Material  concessions,  however,  are  made,  and  agents  accept 
almost  "  any  thing  they  can  get,"  amounting  in  some  cases  to  on'y  about  one-third  of  a  cent 
a  ton  per  mile.  A  recent  invoice  of  cotton  was  hauled  over  400  miles  by  rail  and  delivered  to 
ship  in  this  harbor  at  a  rate  which  yielded  SI  80  per  ton,  or  less  than  the  cartage  in  this  city 
would  have  been  to  store  and  back. 
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It  is  evident  that  this  great  cost  is  eventually  charged  to  the  public, 
and  that  whatever  of  cheapening  can  be  effected  by  improved  methods, 
will  result  to  the  benefit  both  of  the  public  and  of  the  railroads. 

The  Xew  York  Cheap  Transportation  Association  states  in  its  report 
on  terminal  facilities  (page  35)  that  "New  York  importers  are  sending 
"  goods  from  Europe  destined  to  the  interior,  to  Baltimore  and  thence 
"  by  the  Baltimore  &  Ohio  Railroad,  on  through  bills  of  lading  to  des- 
' '  tination.  Interior  merchants  insist  upon  such  a  course,  as  the  freight  is 
"  cheaper  both  by  ship  and  rail,  the  ship  freight  being  5  shillings  per 
"  ton  cheaper,  and  the  rail  rate  from  5  to  20  cents  per  100  pounds  less, 
"  while  the  cost  of  transfer  is  nothing,  and  the  responsibility  direct, 
';  against  85  per  ton  in  carting,  damages,  stealing,  delay,  storage,  in- 
"  suranee.  &c,  in  Xew  York.  Is  that  statement  (which  is  true)  creditable 
"  to  Xew  York,  and  can  she  continue  to  prosper  under  such  a  condition?  " 

The  above  estimate  of  85  per  ton  for  terminal  charges  in  Xew  York 
seems  at  first  somewhat  startling.  It  seems  incredible  that  the  handling 
and  conveyance  of  property  in  the  city  (perhaps  one  mile)  should  cost  two- 
thirds  of  the  freight  from  Chicago,  a  distance  of  913  miles.  It  appears, 
however,  from  the  table  hereto  appended,  that  there  are  many  classes  of 
articles  upon  which  the  terminal  charges  amount  to  $5  per  ton,  and 
that  the  average  cost  on  the  4  631  700  tons  tabulated,  is  83.07  per  ton, 
or  more  than  three-fifths  of  the  freight  from  Chicago.  This,  too,  is  wholly 
upon  receipts  of  domestic  produce,  while  all  the  information  the  com- 
mittee has  been  able  to  gather,  points  to  the  fact  that  greater  expense  is 
incurred  in  the  case  of  importations  of  foreign  merchandise. 

The  committee  estimates  that  the  total  receipts  from  all  sources  aggre- 
gate about  15  000  000  tons  a  year.  A  statement  compiled  by  Mr.  H.  C. 
Gardiner  in  1867,  shows  an  aggregate  of  11 915  425  tons.  Probably  about 
one-half  of  this,  say  7  500  000  tons,  was  carted  more  or  less  through  the 
streets  of  Xew  York.  Xow,  for  the  year  ending  Oct,  31,  1874,  there  were 
licensed  by  the  Mayor's  bureau  (as  appears  by  information  kindly  fur- 
nished by  the  Mayor's  marshal)  8  618  trucks  and  carts  and  1  889  express 
wagons,  making  a  total  of  10  507.  This  did  not  include  the  wagons,  trucks 
or  carts  owned  by  the  larger  inc<  »rporated  transportation  companies, by  mer- 
chants, manufacturers,  or  the  express  companies,  such  as  Adams,  United 
States,  &c.j  &c,  which  take  out  no  licenses,  and  which  are  estimated  by 
the  Mayor's  marshal  as  nearly  equal  in  number,  making  a  total  of  20  000 
in  the  city.  Xow,  if  we  make  the  generous  allowance  that  one-half  of 
these  were  engaged  in  supplying  the  local  wants  of  the  population  for 
transportation,  and  that  the  remainder  earned  an  average  of  $1  200  a  year, 
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or  less  than  $4  00  a  day,  we  have  yet  an  aggregate  of  $12  000  000  a  year 
as  the  cartage  lull  paid  by  the  commerce  of  New  York,  or  an  average  of 
80.80  per  ton  on  the  entire  tonnage,  and  of  $1.60  a  ton  on  the  7  500  000 
tons  which  are  estimated  to  be  carted. 

While  therefore,  it  is  right  that  the  railroads  should,  and  they  doubtless 
will,  further  reduce  their  charges  by  the  adoption  of  more  efficient 
methods  of  working,  the  most  pressing  reform  needed  seems  to  be  local  to 
New  York  and  to  require  some  modifications  of  the  existing  methods  of 
handling  the  property  after  it  arrives  at  this  port.  The  merchants  and 
citizens  of  the  city  should  give  their  attention  to  the  devising  and  adopt- 
ing of  such  improvements  as  will  reduce  the  terminal  charges  to  a  mini- 
mum. It  is  the  opinion  of  your  committee  that  a  larger  saving  may  thus 
he  effected  than  by  any  probable  reduction  of  freight  rates. 
Disposition  of  Receipts  or  Goods. 

Goods  arrive  at  this  port  for  three  purposes  : 

Lst.  For  local  consumption. 

2d.   For  immediate  export. 

3d.  For  distribution  to  the  surrounding  country  or  eventual  export. 

The  first  class  of  receipts  lias  partially  regulated  itself,  so  that  the 
needless  expense  and  waste  are  not  very  great.  The  heavier  articles, 
such  as  coal,  lumber,  stone,  brick,  lime,  &c. ,  are  taken  directly  to  con- 
venient points,  from  which  they  are  distributed  as  wanted.  Our  market 
system  however  is  not  creditable  to  the  city,  and  is  needlessly  expensive. 
The  markets  occupy  valuable  room  on  the  water  front,  and  arc  so  far 
from  the  population  to  be  supplied,  that  they  mainly  serve  as  purchas- 
ing bazaars  for  the  retail  dealers  scattered  throughout  the  city,  who 
supply  the  customers.  This  not  only  involves  in  many  cases  a  needless 
intermediate  profit,  but  it  demands  a  much  larger  number  of  dealers 
than  would  be  necessary  under  a  better  system  of  working.  Almost 
every  block  has  its  butcher  shop  or  grocery,  where  meats,  vegetables, 
and  supplies  are  furnished,  thus  adding  doubtless  to  the  convenience  of 
the  customer,  but  enhancing  the  cost.  If  the  trade  coidd  be  concen- 
trated at  suitable  points,  to  which  the  customers  would  repair,  the 
traffic  could  be  done  by  fewer  persons,  who  now  waste  much  time  wait- 
ing for  customers,  and,  wdiile  selling  at  lower  prices,  larger  aggregate 
profits  could  lie  made  in  consequence  of  the  larger  volume  of  the  trade. 

Receipts  of  the  second  class  are  now  handled  nearly  as  well  as  they 
can  be.  They  arc  taken  in  most  cases  directly  from  the  transportation 
hue  which  brings  them,  to  the  steamer  or  vessel  which  is  to  convey  them 
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away.  Some  improvements  are  perhaps  possible  in  the  modes  of  trans- 
acting this  business,  and  especially  in  applying  steam  or  other  power  to 
the  lighters,  so  as  to  reduce  the  cost  of  handling;  but  these  changes  will 
be  incident  to  any  improved  methods  to  be  applied  to  receipts  of  the  third 
class  which  come  to  this  port  for  sale  or  speculation  and  are  held  here 
for  some  little  time.  It  is  in  this  third  class  that  great  carting,  waste 
and  stealing  occurs,  and  it  is  precisely  in  this  business  that  New  York  has 
to  compete  with  other  cities. 

Goods  arriving  for  sale  will  bear  extra  handling  and  drayage — first, 
if  they  must  be  shown  to  the  customer  before  effecting  a  sale,  and  second, 
if  their  value  is  great  in  proportion  to  their  bulk.  Thus  a  ton  of  tea, 
worth  say  $1  200,  is  enabled  to  bear  very  considerable  drayage,  while  a 
ton  of  coal,  worth  85,  can  bear  bid  little  expense. 

The  cheaper  the  goods  in  proportion  to  their  weight  and  bulk,  the 
less  can  they  afford  handling;  and  it  would  seem  to  be  the  part  of  wisdom 
to  provide  storage  facilities  for  these,  at  convenient  points  of  concen- 
tration, and  as  near  to  the  points  of  arrival  as  possible,  where  they  can 
be  deposited  until  wanted  for  shipping  or  local  consumption  ;  the  sales 
being  effected  by  sample  or  grade. 

The  mode  of  arrival  of  goods  destined  for  future  sales,  determines  in 
a  great  degree  the  best  method  of  dealing  with  them.  If  they  come  by 
vessels,  similar  products  can  be  concentrated  at  one  point  on  the  water 
front,  and  a  saving  thus  effected  in  handling,  inspection,  superintend- 
ence and  protection  both  from  the  weather  and  from  theft.  If,  however, 
the  articles  arrive  by  railroad,  it  would  add  to  the  expense  to  concentrate 
the  receipts  from  all  sources  at  one  single  point,  and  it  would  prove 
cheaper  to  unload  and  store  them  in  close  proximity  to  the  various  ter- 
mini of  the  roads,  and  to  rehandle  them  only  when  their  final  destina- 
tion becomes  known. 

It  is  greatly  to  be  regretted  that  the  city  of  New  York  was  not  origin- 
ally laid  out  upon  the  principle  of  having  a  strip  of  lots  or  ground, 
between  the  bulkhead  and  the  first  street  parallel  with  the  shore.  This 
would  have  afforded  an  opportunity  for  the  cheap  storage  of  com- 
modities destined  for  export  or  distribution,  without  carting  them  in- 
land. As  now  arranged,  the  existence  of  streets  next  to  the  docks  and 
bulkheads,  throws  such  a  large  traffic  upon  them  longitudinally  as  to 
make  the  land  side  of  the  streets  nearly  worthless  for  storage  purposes. 
The  goods  cannot,  with  economy,  be  transferred  across  the  longitudinal 
traffic,  from  the  water  front  to  the  other  side  of  the  street.     So  much, 
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indeed,  does  this  press  upon  the  street,  that  in  1871  the  Dock  Commis- 
sioners adopted  the  plan  proposed  by  their  engineer-in-chief,  Gen.  George 
B.  McClellan,  and  have  commenced  the  work  of  widening  the  streets  to 
a  width  of  250  feet  along  the  North  river,  200  feet  along  the  East  river 
from  the  Battery  to  Grand  street,  and  175  feet  north  of  that  point.  No 
special  plans  beyond  this,  seem  to  have  been  entertained. 

The  question  now  occurs,  how  this  most  desirable  improvement  of 
widening  these  streets,  can  be  made  of  the  utmost  use  in  cheapening  and 
facilitating  the  commerce  of  the  port.  If  it  be  all  left  as  an  open  street,, 
it  Avill  doubtless  relieve  the  jam  of  trucks  and  drays  now  existing,  but  it 
will  not  decrease  the  amount  of  drayage  required,  nor  make  it  more  fea- 
sible to  carry  goods  across  the  street  to  warehouses  on  the  other  side.  It 
will  instead,  increase  the  cost  of  the  latter  operation,  by  reason  of  the 
greater  distance. 

Although  the  docks  themselves  are  old  and  worn  out,  the  general  pier 
system  of  New  Sort  i--  scarcely  to  be  improved  upon,  except  in  the  ar- 
rangement of  details.  Its  alternate  piers  and  slips,  give  the  longest 
wharf  and  quay  lines  I'm-  a  given  amount  of  water  frontage  ;  the  great  im- 
provement,  therefore,  must  come  from  the  proper  treatment  of  the  street 
next  to  tin  bulkhead.  The  docks  themselves  should  mainly  be  kept  un- 
obstructed, to  secure  the  rapid  delivery  and  carrying  away  of  goods 
arriving  for  immediate  consumption  or  for  local  division  and  distribu- 
tion; the  great  mistake  was  in  having  a  street  immediately  next  to  them. 

It  has  been  proposed  by  Mr.  H.  C.  Gardiner  (who  has  explainedhis 
plans  fully,  and  furnished  valuable  aid  to  your  committee),  to  use  a  portion 
of  the  land  reclaimed  for  tins  street,  for  the  purpose  of  building  an  ele- 
vated viaduct  railroad  of  two  or  four  tracks,  either  upon  iron  trestles  oron 
masonry,  around  the  bulkhead  line;  from  which  tracks,  spurs  and  switches 
should  be  run  at  an  elevation  of  18  or  20  feet  above  the  docks,  to  some  ten 
warehi  »uses  b '  be  built  upon  piers  to  be  bought  from  the  city.  Although 
it  contains  some  valuable  features,  your  committee  cannot  fully  approve 
this  plan.  The  viaduct  would  cost  from  $500  000  to  $700  000  a  mile, 
and  the  foundation  of  the  warehouses  80  feet  by  150,  and  five  stories 
high,  (which  would  have  to  be  carried  to  great  depths  with  iron  or  ma- 
sonry columns,  so  as  to  leave  unobstructed  flow  for  the  tides,)  would  cost 
from  $150  000  to  $200  000  apiece.  With  a  view,  therefore,  of  removing 
the  existing  difficulties,  and  cheapening  the  cost  of  transacting  business 
in  the  city  of  New  York,  your  committee  proposes  five  remedies  to  be 
further  discussed  by  the  Society  and  by  the  parties  whose  interests  may 
be  affected  thereby. 
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Remedies  Pkoposed. 

1st.  We  suggest  that  in  addition  to  the  13  existing  city  markets, 
there  should  be  more  retail  market-houses,  say  20  in  number,  at  con- 
venient points  throughout  the  city.  These  should  be  of  medium 
size,  covering  about  half  a  block  each,  and  can  best  be  built  and 
managed  by  joint  stock  companies  or  associations,  as  in  Philadelphia. 
They  would  by  no  means  obviate  the  necessity  for  one  large  wholesale 
market,  such  as  Washington  market  is  now;  but  by  concentrating  trade, 
and  bringing  the  producer  and  consumer  together,  they  would  promote 
the  economy  of  both.  If  these  houses  are  properly  located,  the  dealers 
will  be  insured  a  volume  of  business  so  much  larger  than  with  the  jn'esent 
corner  grocery  system,  and  their  rents  will  be  so  much  less,  that  they  can 
sell  at  lower  rates,  while  realizing  greater  aggregate  profits. 

It  may  be  laid  down  as  a  general  principle,  that  supplies  intended 
for  local  consumption,  should  be  taken  immediately  upon  their  arrival, 
to  some  interior  point  convenient  for  their  distribution  ;  and  for  this 
purpose  we  do  not  believe  any  system  of  transportation  can  be  devised, 
superior  to  the  present  methods  by  wagons. 

2d.  We  suggest  that  the  Society  discusses  whether  it  is  not  possible  to 
adopt  an  improved  system  of  lighterage  to  ships  and  docks,  by  which  the 
boats  and  barges  shall  be  better  adapted  to  each  class  of  the  traffic,  and 
in  order  to  save  handling,  be  loaded  and  unloaded  by  steam  or  hydraulic 
power.  In  connection  with  this,  we  wish  to  commend  the  system  of 
delivering  and  receiving  goods  directly  into  the  railroad  cars  placed  on 
barges,  at  various  points  of  the  water  front,  and  to  suggest  whether  dray- 
age  cannot  be  saved  from  the  interior  of  the  city,  by  extending  this  sys- 
tem, so  as  to  receive  at  additional  points  scattered  along  the  water  front. 
It  is  probable  that  in  the  latter  case  a  small  extra  charge  per  ton  received, 
would  have  to  be  made  at  those  points  where  the  traffic  was  light,  in 
order  to  cover  the  extra  cost  of  check  clerks,  and  the  necessary  subse- 
quent sorting  of  miscellaneous  receipts.  The  details  would  have  to  be 
discussed  and  agreed  upon,  in  connection  with  the  railroads,  but  the  plan 
would  seem  to  promise  some  economy,  by  saving  cartage  to  the  mer- 
chants. 

3d.  We  suggest  that  there  should  be,  in  close  connection  with  each 
important  railroad  terminus  at  this  port,  a  system  of  fire-proof  storage 
warehouses,  for  the  custody  of  all  bulky  or  low-priced  goods  not  going 
into  immediate  consumption.  These  should  front  upon  a  basin  or  slip, 
the  railroad  tracks  being  upon  the  other  side,  or  else  inside  tl  m  warehouses. 
They  should  be  divided  into  chambers  or  bins  in  which  the  goods  woidd 
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be  stored,  preserving  the  identity  of  each,  lot  not  admitting  of  grading. 
Each  invoice  might  be  divided  into  round  lots,  corresponding  to  the 
number  of  such  articles  generally  transferred  at  a  sale,  and  separate 
assignable  receipts  given  for  each,  the  property  being  deliverable  upon 
return  of  such  certificate,  properly  endorsed  and  audited.  Upon  these 
receipts,  advances  coidd  be  obtained,  and  no  expenses,  except  storage, 
would  be  incurred  upon  the  goods  from  their  arrival  at  the  railroad  ter- 
minus until  they  were  sold.  The  same  system  could  1  >e  extended  to 
imported  goods  in  bond,  destined  for  the  interior  of  the  country,  and 
berths  should  be  provided  for  foreign  steamers  in  connection  with  the 
basins  or  slips,  bx every  case  the  New  York  merchant  or  importer  would 
sell  by  sample  in  his  counting-house,  and  transfer  the  properly  by  merely 
giving  an  order  on  the  warehouse. 

There  is  not  the  slightest  [necessity  for  waiting  until  the  railroads 
inaugurate  such  a  system,  and  indeed  it  is  doubtful  whether  their  charters 
will  permit  them  to  engage  in  a  general  storage  business,  or  to  make 
advances  on  consignments  such  as  would  berequired.  If  for  these  or  finan- 
cial reasons,  they  are  not  prepared  to  undertake  the  scheme  themselves, 
contracts  can  probably  lie  made  with  them  to  transact  that  portion  of 
their  business  not  requiring  immediate  delivery,  in  connection  with  a 
series  of  warehouses  owned  and  managed  by  associations  of  citizens.  The 
New  York  Central  has  land  at  Sixty-fifth  street;  the  New  Jersey 
Central,  the  Pennsylvania  and  the  Erie,  each  has  surplus  lands 
on  the  Jersey  shore,  which  could  be  devoted  to  such  purposes  ;  and  there 
is  a  piece  of  ground,  admirably  situated  between  the  lands  of  the  Erie  and 
of  the  Delaware,  Lackawanna  &  "Western  Railroad,  which  could  be  made 
accessible  to  both  those  companies.  It  can  be  shown  that  such  improve- 
ments would  save  considerable  expense  to  the  commerce  of  this  port,  and 
would  prove  remunerative  to  the  owners.  We  consider  them  almost  indis- 
pensable to  an  economical  handling  of  railroad  receipts  of  which  the  final 
destination  is  not  known.'" 

In  connection  with  this  warehouse  system  there  should  be  grain  ele- 
vators at  each  railroad  terminus.  The  mistake  should,  however,  not  be 
made  of  building  them  as  storage  elevators  alone,  and  attempting  to  pass 
all  the  grain  through  them. 

In  consequence  of  the  peculiarity  of  the  commerce  of  this  port,  that  a 
considerable  portion  of  the  grain  receipts   is  at  once  transferred  to  ships, 

*  As  early  as  1807  one  of  the  members  of  the  committee,  impressed  with  the  importance  of 
such  a  system,  secured  for  the  purpose  of  carrying  out  the  plan  above  referred  to,  some 
seventy  acres  of  space  at  Harsimus  Cove,  on  the  Jersey  shore,  for  the  system  of  railroads 
between  New  York  and  Philadelphia. 
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and  that  the  trade  is  done,  to  some  extent,  in  large  steamers,  which  cannot 
leave  their  berths  to  go  after  parts  of  their  cargoes,  a  portion  of  the  grain 
will  have  to  be  transferred  direct  from  cars  to  lighters,  and,  for  this  pur- 
pose, an  elevated  trestle  with  chutes  is  cheaper  than  an  elevator.  The 
latter  will  serve  rather  as  reservoirs  to  equalize  the  flow, — to  permit 
prompt  unloading, — to  consolidate  receipts,  and  to  load  rapidly  the 
smaller  sail  vessels  which  take  whole  cargoes  of  grain. 

4th.  As  a  very  large  share  of  the  commerce  of  New  York  arrives  by 
water,  and  the  city  is  naturally  desirous  to  have  its  property  stored  within 
its  own  limits,  and  under  its  immediate  control  and  laws,  we  suggest  that 
a  portion  of  the  new  street,  say  about  100  feet,  now  being  built  by  the 
Dock  Commissioners,  be  set  apart  for  a  row  of  warehouses,  storage  yards 
and  manufacturing  establishments,  encircling  the  water-front  of  the  city. 
Suitable  spaces  should  be  left  between  them  to  give  access  to  the  piers. 
The  city  may  retain  the  ownership  of  the  ground,  and  lease  it  on  long- 
terms,  say  fifty  years,  to  any  parties  who  may  choose  to  build,  at  a  fixed 
rate  of  interest  upon  valuations  to  be  periodically  ascertained  by  ap- 
praisers, or  it  may  sell  the  fee  to  the  land.  Each  warehouse  being  inde- 
pendent of  the  others,  and  of  the  general  system,  it  can  be  owned  and 
controlled  by  a  different  owner,  and  put  to  use  as  soon  as  completed. 

The  warehouses  and  manufactories  should  be  as  nearly  fire-proof  as 
practicable,  and  should  be  built  upon  a  general  system,  under  specifica- 
tions and  inspection  furnished  by  the  proper  department  of  the  city  gov- 
ernment. They  should  be  provided  with  steam  or  hydraulic  power,  for 
elevating  goods,  and  the  most  approved  appliances  for  saving  labor. 
They  would  probably  have  to  be  founded  upon  wooden  piles,  but  the 
foundations  for  a  five-story  warehouse  say  80  by  150  feet,  would,  it  is 
estimated,  not  cost  more  than  $30  000. 

To  give  a  general  idea  of  the  arrangement  we  propose,  we  may 
indicate  that  there  should  be  along  the  North  river,  a  quay  next  to  the 
bulkhead  about  33  feet  wide  from  the  water's  edge,  then  a  warehouse  80 
feet  deep,  next  to  this  a  strip  reserved  for  the  belt  railroad  herein-after 
proposed,  3G£  feet  wide,  then  a  raised  sidewalk,  8J  feet  wide  .  then  a 
roadway  77  feet  wide  (or  nearly  double  the  width  of  the  present  carriage 
way),  then  a  sidewalk  15  feet  wide,  as  now,  next  to  the  existing  buildings 
on  the  street,  thus  making  the  full  width  of  250  feet.  Along  the  East 
river,  unless  it  shall  be  thought  best  to  change  the  proposed  width,  the 
dimensions  might  be  a  quay  25  feet  wide  next  to  the  bulkhead,  then  a 
warehouse  50  feet  wide,  then  a  side  track  and  a  single  main  track  occu- 
pying 25  feet,  then  a  raised  sidewalk  of  8  feet,  then  a  roadway  77  feet 
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wide,  and  then  a  sidewalk  15  feet  wide,  thus  making  up  a  width  of 
200  feet.* 

If  the  quay  next  to  the  bulkhead  be  placed  5  feet,  and  the  railroad 
side  track  hereinafter  mentioned,  one  foot  above  the  highest  tide,  the 
lower  floor  of  the  warehouses  will  be  level  with  the  floor  of  the  cars,  and 
there  will  be  a  descent  of  4  feet  in  117,  or  in  80,  as  the  case  may  be, 
from  the  dock  to  the  crossing  of  the  first  rail,  which  will  be  an  advantage 
in  draying  goods  off  from  the  docks.  "We  do  not  give  these  dimensions 
as  absolute.  The  details  should  lie  carefully  considered  and  the  plans 
matured,  but  tin  general  nature  of  the  arrangement  is  indicated,  which 
our  experience  as  railroad  engineers  teaches  us  to  be  economical. f 

The  chief  service  of  the  warehouses  and  factories  would  be  to  save 
cartage  to  the  interior  of  the  city  and  back  again.  Particular  districts 
for  particular  branches  of  business  would  be  indicated  beforehand,  so  as 
to  promote  economical  concentration  of  interests.  In  connection  with 
these  warehouses,  we  suggest  that  a  system  of  light  steamers  might 
ply  along  the  water   front,    to  distribute  both  freight  and  passengers. 

5th.  We  would  propose,  in  connection  with  and  adjacent  to  these 
warehouses  and  manufactories,  a  belt  railroad  of  two  main  tracks  and  one 
side  track  on  the  surface  of  the  street.  The  track  next  to  the  warehouses 
should  be]  a  series  of  side  tracks  connected  at  suitable  points,  for 
standing  cars  and  those  Loading  and  unloading;  the  other  two  tracks 
should  be  main  tracks,  one  for  the  traffic  in  either  direction.  They 
should  be  connected  with  ferry  slips  at  a  number  of  suitable  points,  by 
means  of  floating  bridges,  so  that  the  cars  of  any  of  the  railroads  termi- 
nating near  this  city  could  be  placed  opposite  any  of  the  warehouses  or 
manufactories  without  passing  over  any  great  distance  of  the  main  tracks, 

*  Since  this  report  was  written,  it  has  been  understood  that  the  Dock  Commissioners 
have  decided  to  reduce  the  proposed  width  of  South  street  to  140  feet,  from  the  Battery  to 
Montgomery  street,  and  to  100  feet  from  that  street  to  Grand  street,  the  width  of  the  street 
northerly  from  that  point  has  not  yet  been  determined.  This  reduction  will  preclude  the 
construction  of  warehouses  along  the  bulkhead  line  on  the  East  River. 

t  The  total  available  water  front  of  the  city  js  24|  miles  in  length.  The  proposed  im- 
provement of  the  Dock  Commissioners  contemplates  on  the  North  river,  from  the  Battery  to 
Sixty-first  street,  a  river  wall  line  of  25  743  feet,  and  on  the  East  river  from  the  Battery  to  Fifty- 
first  street,  a  river  wall  line  of  27  995  feet,  or  a  total  of  53  738  feet,  say  10  miles.  If  we  deduct 
3  miles  for  streets  to  the  piers,  spaces  between  the  warehouses,  storage  yards  and  manufac- 
tories, and  for  other  purposes,  there  yet  remain  7  miles  available.  This  ground  will  not  be 
wTorth,  on  an  average,  less  than  $1  000  per  front  foot,  so  that  should  this  plan  be  deemed  prac- 
ticable, the  eventual  result  might  be  to  place  about  $35,000,000,  or  the  interest  thereon  in 
the  city  treasury,  to  say  nothing  of  the  increased  taxation  upon  the  buildings  erected  along  the 
bulkhead  lines.  As  none  of  your  committee  expects  to  make  a  single  penny  out  of  the  plan 
here  recommended,  they  hope  it  will  not  be  thought  an  objection,  that  in  the  words  of  Col. 
Sellers—"  There's  millions  in  it." 
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thus  giving  to  all  the  railroads  access  to  all  the  buildings.  The  road 
could,  in  addition,  be  used  to  transfer  goods  from  the  warehouses  to  ves- 
sels in  any  part  of  the  water  front.  It  may  be  built  and  owned  by  the 
city,  and  under  proper  regulations,  thrown  open  at  fixed  rates  of  trackage 
per  car  per  mile,  to  all  parties  wishing  to  use  it,  or  it  may  be  built  and 
managed  by  an  incorporated  joint  stock  company,  but  controlled  by  city 
regulations.  In  any  case,  perfect  impartiality  must  be  insisted  upon, 
and  no  exclusive  rights  whatever  granted  thereon. 

We  are  not  unmindful  of  the  man}  objections  which  will  be  raised  to 
the  operating  of  a  railroad  across  the  traffic  to  and  from  the  docks,  unless 
elevated  above  the  ground.  We  have,  however,  proposed  to  place  it  on 
the  surface  ;  first,  to  save  in  first  cost — such  a  road  we  have  indicated 
would  cost  about  .$10  000  dollars  per  mile,  while  an  elevated  road  of  equal 
capacity,  proportioned  for  the  weight  of  standard  engines  and  cars,  and 
appurtenances  for  raising  and  lowering  them  to  and  from  the  warehouse, 
would  cost  about  §500  000  per  mile — and  second,  to  save  lifting  and  lower- 
ing the  goods  and  the  cars.  We  believe  the  objections  to  such  a  r<  tad  have 
been  much  exaggerated.  Not  only  would  the  volume  of  drayage  to  and 
from  the  docks  be  largely  diminished  by  the  system  we  propose,  but  the 
intervening  raised  sidewalk  between  the  road  and  the  carriage  way,  and  a 
system  of  sHding  gates  at  the  dock  entrances,  would  prevent  all  possible 
collisions  with  teams.  The  road  woidd  have  to  be  operated  by  dummy 
engines  at  low  speed,  mainly  in  the  night  and  at  particular  hours  of  the 
day,  say  the  early  morning,  the  noon  hour,  and  the  early  evening,  as  is 
done  with  the  belt  railroad  on  the  docks  at  Boston,  as  well  as  with  the 
trains  of  the  New  York  Central  E.  R.  to  St.  John's  Park  depot.*  Of  course, 
the  question  will  have  to  be  very  carefully  considered  in  all  its  details  by 
you  and  by  the  parties  interested.  If,  upon  further  investigation  or 
trial  for  a  short  distance,  it  should  be  deemed  too  objectionable,  this 
feature  of  our  recommendations  could  be  abandoned,  as  it  forms  no  in- 
tegral part  of  the  bulkhead  warehouse  system.  In  the  latter  event, 
freight  coidd  still  be  delivered  .and  distributed  from  the  warehouses  by 
water,  though  at  somewhat  greater  cost  than  with  the  additional  aid  of  the 

*  The  above  warehouse  plan  differs  from  those  which  have  hitherto  been  proposed — first, 
in  placing  the  warehouses  on  the  bulkheads  instead  of  the  piers  ;  second,  in  having  a  continuous 
line  of  them  instead  of  only  ten  isolated  buildings;  third,  in  placing  their  general  control  in  the 
hands  of  the  city  instead  ol  a  private  company;  fourth,  in  extending  their  benefits  to  any  citizen 
who  chooses  to  build  one  ;  fifth,  in  placing  the  belt  railroads  for  heavy  engines  and  cars  on  the 
ground  instead  of  in  the  air,  and  sixth,  in  placing  an  elevated  road  overhead  for  light  passengers 
traffic  only,  should  subsequent  needs  demand  it,  thus   decrea  ially  its  cost,  as  see 

hereafter. 
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surface  railroad.  Although  eventually  designed  to  encircle  the  whole  is- 
land, this  belt  railroad  need  be  built  no  taster  than  the  erection  of  ware- 
houses and  the  demands  of  business  shall  render  necessary.  For  a  portion 
of  the  distance  it  is  proposed  to  utilize  the  space  over  the  two  main 
tracks,  for  new  lines  of  the  rapid  transit  roads  when  these  become  needed. 
Such  would  stand  away  from  the  warehouses,  so  as  not  to  be  interfered 
with  by  possible  conflagrations;  if  proportioned  for  a  rolling  load  of 
1  200  pounds  per  lineal  foot  of  each  track,  the  road  would  cost  about 
$300  000  a  mile  of  double  track. 

These  schemes,  after  careful  consideration,  must  stand  or  tall  on  their 
own  merits,.  They  are  based  upon  thetheory — first,  that  all  goods  for  local 
consumption  of  immediate  export  should  lie  taken  at  once  by  the  cheap- 
est method  of  conveyance  to  their  destination  ;  second,  that  upon  arrival  in 
the  vicinity  of  New  York,  all  goods  of  which  the  final  destination  is  not 
known,  should  be  unloaded  into  warehouses,  and  no  farther  transportation 
expense  put  upon  them,  until  their  final  destination  is  ascertained  ;  third, 
that  all  transfer,  lighterage  and  distribution  should  be  done  by  steam 
where  possible,  and  that  rail  traction  should  be  made  use  of,  where  prac- 
ticable without  serious  interference  with  other  uses  of  the  ground. 

Your  committee  does  not  expect  that  its  recommendations  will  be  uni- 
versally acquiesced  in  or  entirely  accepted.  These  may  conflict  with 
previously  formed  opinions,  existing  customs,  or  established  interests, 
which  it  will  be  necessary  to  consider.  Such  concessions  as  do  not 
destroy  the  efficiency  of  the  plans  may  reasonably  be  made.  An  endeavor 
has  been  made  to  take  a  general  view  of  the  commercial  necessities  of  this 
port,  and  to  recommend  the  remedies  which  seemed  to  promise  the 
greatest  economical  results,  together  with  fair  returns  upon  the 
capital  that  might  lie  required  to  carry  them  out.  It  now  remains  for 
the  Society,  for  the  parties  interested,  and  for  the  public,  to  discuss 
whether  these  schemes  are  sound,  and  are  those  besl  calculated  to  secure 
the  retention  by  New  York  of  its  present  position  as  the  leading  commer- 
cal  city  of  the  United  States. 

Respectfully  submitted, 

O.  Chantjte,  "] 

M.  N.  Forney, 

Ashbel  Welch,  ,-      Committee. 

CHAKLES   K.    GRAHAM, 
F.   COLLINC^VOOD. 
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APPENDIX    A. 

Ax  Investigation  into  the  Elements  of  Success  of  a  Rapid  Transit 
Railroad  for  New  York  City.     By  M.  N.  Forney. 


Before  it  is  possible  to  induce  capitalists  to  invest  a  sufficient  amount 
of  money  in  any  system  of  rapid  transit  road  to  construct  one,  it  is  neces- 
sary to  show  that  such  a  road  will  pay  a  reasonable  profit  on  its  cost. 
In  order  to  do  this,  we  must  know,  first,  what  will  be  the  expense  of 
operating  such  a  road;  and  second,  what  will  lie  its  receipts  with 
tain  assumed  rates  of  fare  and  numbers  of  passengers  carried. 

The  following  investigation  has  been  made  for  the  purpose  of  deter- 
mining what  would  be  the  profit  of  a  rapid  transit  railroad  Avith  different 
assumed  volumes  of  traffic  and  rates  of  fare.  In  doing  this,  the  simplest 
case  has  been  taken  ;  that  of  a  road  with  two  tracks  extending  from  the 
Battery  to  the  south  end  of  Central  Park,  or  a  distance  of  five  miles. 
The  rolling  stock  has  been  assumed  to  be  similar  to  that  recommended 
in  the  preceding  report,  and  the  road  to  consist  of  some  form  of  elevated 
structure. 

The  expenses  of  operating  a  railroad  are,  it  is  believed,  all  included 
under  the  following  heads: 

a.  Train  Expenses. — These  include  locomotive  runners  and  firemen's 
wages,  locomotive  repairs,  fuel  for  locomotives,  oil  and  waste,  water- 
supply,  general  expense  of  locomotive  machine  shop — including  repairs 
of  shop  and  tools,  superintendence  of  shops,  clerk  hire,  watchmen,  fuel 
and  lights — conductors'  wages,  brakemen's  wages,  car  repairs,  oiling 
and  inspecting  cars,  oil  and  waste,  fuel  and  light  for  same,  cleaning 
cars  and  general  expense  of  car-shops — including  repairs,  superintend- 
ence, &c. 

b.  What  may  be  called  fixed  expenses,  including  general  superintend- 
ence of  the  road,  salaries  of  general  officers,  clerk  hire,  stationeiy  and 
printing,  office  rent  and  other  office  expenses,  damages  to  persons  and 
property  and  law  expenses. 

c.  Cost  of  maintaining  the  road  structure  and  track. 

d.  Maintenance  and  repairs  to  siation-liouses,  including  furniture  and 
appliances  for  water  supply. 

e.  Station  service,  including  men  to  assist  passengers  in  and  out  of 
cars,  signal  men,  and  women  in  charge  of  ladies'  waiting-rooms. 

4 


50 

f.  Insurance. 
..    7 

/'.   Maintenance  of  telegraph  line  and  signals. 

i.   An  indefinite  amount  of  expense  usually  charged  to  contingencies. 
To  facilitate  calculation  it  will  also  be  assumed  that  : 

n  —  iln-  number  of  passengers  carried  per  year. 

I  =  the  length  of  ///>■  road  reduced  to  miles  of  single  track. 

x  =  tin'  rati'  of  fare  for  each  passenger. 

y  =  the  number  of  single  trips  run  by  /ruins  per  year. 

m  =  the  number  of  miles  run  by  /ruins  per  year. 

The  receipts  of  a  road  will  obviously  be  equal  to  the  number  of  pas- 
sengers carried,  multiplied  by  the  rates  of  fare  charged,  or  be  represented 
by  a  .'•.  and  if  we  represent  tic  expenses  classified  in  the  preceding  para- 
graphs by  the  letter  which  indicates  the  paragraph,  then  : 

n  x  —  (a  +  b  -f  c  -f  d  -\-  e  +/+</  +  ^  +  0  =  profit  or  loss. 

The  difficulty  in  applying  this  formula,  will  be  in  assigning  correct 
values  tii  each  of  the  quantities  represented.  Some  of  them  it  is  believed 
arc  incapable  of  correct  determination  at  the  present  time.  Thus  it  will 
be  impossible  to  tell  the  amount  of  traffic  of  a  rapid  transit  road  before  it 
is  constructed.  That  will  depend  upon  many  undetermined  elements, 
such  as  the  location  of  the  road,  the  rate  of  tare,  the  nature  of  the  struc- 
ture, the  character  of  the  facilities  afforded,  the  prejudices  and  habits  of 
the  people,  the  condition  of  general  business,  the  competition  which  such 
a  road  would  have,  and  other  equally  uncertain  elements  and  conditions 
to  which  a  road  of  this  kind  would  be  subject.  The  table  on  the  next 
page  shows  the  number  of  passengers  carried  by  each  of  the  north 
and  south  lines  of  horse  railroads  and  omnibuses  in  Xew  York  during  the 
past  three  years. 

From  this  table  it  will  be  seen  that  the  number  carried  per  year  on 
each  of  the  different  roads  varies  from  less  than  -  000  000  on  the  Ninth 
Avenue  road  up  to  '11  000  000  on  the  Third  Avenue  road.  In 
■  any  means  of  determining  the  number  of  passengers  who 
would  travel  on  a  rapid  transit  road,  the  subject  may  be  investigated  by 
assuming  a  traffic  of  5,  10.  15.  20,  25  and  30  million  Qgers  per 

year,  and  calculating  the  cost  of  operating  a  road  with  each  of  these 
amounts  of  traffic,  from  which  the  profit  or  loss  can  easily  ho  determined 
for  each  with  different  rates  of  tare. 

The  only  example  in  this  country  of  a  rapid  ira;:  b     id  operated 

by  steam  in   a   large   city  and   with    light   rolling  stock  is  tin- New  York 
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Number  of  Passengers  Carried  by  Horse  Railroads  and  Omnibuses, 


Yeak  Ending   '  Yeab  Ending 
Sept.  30,  1871.  :  Sept.  30,  1872. 


Third  Avenue ,  25  800  000  27  000  000 

Eighth  Avenue ;  15  231144  15  3G6  194 

Broadway  and  Seventh  Avenue [  15  001  854  17  565  297 

Sixth  Avenue 13  931873  14  236  598 

Dry  Dock  and  East  Broadway 13  858  667  15  420  126 

Central  Park,  North  and  East  River 11496  269  12  405  167 

Second  Avenue 11276  906  12  504  392 

Forty-second  Street  and  Grand  Street  Ferry .  7  090  188  7  373  271 

Bleecker  Street  and  Fulton  Ferrv 5  983  536  6  049  697 


Yeab  Ending 
Sept.  30,  1873. 


26  950  000 
15  143  048 
17  883  776 

14  747  141 

15  536  160 
11  389  957 
13  570  955 

6  812  759 
5  057  191 


2  724  233 
2  078  185 
8  173  032 
7  000  000 

3  505  078 
2  030  788 
8  770  666 
7  000  000 

3  538  710 

1  784  346 

8  730  888 

7  000  000 

Total 

139  695  887 

149  227  274 

148  144  931 

Elevated.  Railroad,  but  as  that  line  does  not  afford  sufficient  data,  it  has 
been  impossible  to  determine  by  actual  experience  from  it,  the  cost  of  all 
the  various  items  in  the  expense  of  operating  such  a  road.  Various 
methods  have  therefore  been  employed  to  determine  them,  and  although 
it  may  be  impossible  to  do  so  with  mathematical  accuracy,  yet  by 
making  correct  deductions  from  the  expenses  of  working  other  roads, 
a  sufficiently  close  approximation  to  the  actual  cost  is  possible,  so  that 
the  profit  or  loss  of  operating  a  rapid  transit  road  under  different  con- 
ditions can  be  determined  with  a  reasonable  degree  of  certainty, 

The  cost  of  engineers  and  firemen's  wages  has  been  determined  from 
the  wages  now  paid  on  the  New  York  Elevated  Railroad  for  that  service. 
Engineers  on  that  line  now  receive  .<).  50,  and  firemen  82.00  per  day.  The 
distance  run  by  them  is  78*  miles  per  day,  which  will  be  equal  to  $.07 
per  train  mile. 

The  cost  of  repairs  of  locomotive  engines  cannot,  unfortunately, 
be  determined  with  equal  exactness  from  the  accounts  of  that  mad. 
which  have  not  been  kept  in  sufficient  detail  for  that  purpose.  From 
the  annual  reports  of  the  Michigan  Central,  Burlington  &  Missouri  River, 
Chicago,  Burlington  &  Quincy,  Lake  Shore,  Terre  Haute  &  Indianapolis 
and  Louisville  A'  Nashville  Railroads,  on  all  of  which  the  accounts  are 
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kept  with  more  than  ordinary  care  and  accuracy,  the  average  expense  of 
locomotive  repairs  is  $.  0726  per  mile  run.  As  the  weight  of  such  engines, 
including  tenders,  is  nearly  or  quite  ten  times  that  of  those  proposed  in 
the  body  of  the  report  for  a  rapid  transit  road,  and  as  the  latter  have  only 
four  wheels  and  the  former  each  consist  of  two  eight-wheeled  vehicles,  it 
is  apparent  that  the  cost  of  repairs  for  the  latter  cannot  exceed  one-third 
that  of  the  former.  The  cost  for  locomotive  repairs  is  therefore  taken  at 
$.025  per  mile  run. 

The  average  cost  of  fuel  per  train  mile  on  the  roads  referred  to  is 
£.1172.  As  the  weight  of  the  trains  on  such  roads  will  also  be  about  ten 
times  that  of  those  on  the  Elevated  Railroad,  lie' cost  of  fuel  for  the 
latter  would  certainly  not  be  more  than  one-third  that  on  the  former,  or 
$.03907.  Fortunately,  Mr.  Wyman,  Superintendent  of  this  Railroad, 
has  kept  a  careful  account  for  successive  weeks,  of  the  consumption  of 
fuel  of  engines  on  that  line.  During  the  time  recorded  984  miles  were 
run  and  9  922  pounds  of  anthracite  coal  burned,  which  cost,  delivered  to 
the  railroad  company,  $6.50  per  ton  of  2  000  pounds.  The  cost  per  mile 
was  therefore  $.0311  That  this  cost  can  be  reduced  with  engines  of  im- 
proved construction  there  can  be  no  doubt.  It  is  evident  then  that  the 
cost  of  fuel,  if  engines  and  trains  of  the  hind  run  on  the  road  referred 
to  are  i  mployed,  will  not  exceed  $.0325  per  mile  run. 

Oil  and  waste  for  locomotives,  on  the  roads  referred  to,  costs  A. 00852. 
Considering  the  very  great  difference  in  the  size  ami  weight  of  the  ma- 
chines, and  the  fact  that  the  one  kind  has  sixteen  wheels  and  the  other 
only  four,  it  is  certain  that  the  cost  of  oil  and  waste  for  the  latter  will  not 
exceed  one-fourth  that  of  the  former.  It  will  be  quite  safe,  therefore,  to 
assume  it  to  be  $.0025  per  mile  run. 

Water  supply  on  the  New  York  Elevated  Railroad  has  cost,  for 
the  year  ending  Sept.  30,  1874,  8135.  In  that  time,  the  engines  ran 
80  311  miles.     The  cost  therefor  was  $.00168  per  mile. 

The  amount  of  general  expense  of  machine  shop,  including  repairs  of 
shops  and  tools,  superintendence,  clerk  hire,  watchmen,  fuel,  light,  &c, 
on  the  Terre  Haute  &  Indianapolis  Railroad,  which  is  the  only  one  which 
reports  this  expense  separately,  is  one-third  of  the  whole  cost  of  repairs. 
We  will  therefore  have  $.0083  per  mile  for  this  expense. 

The  cost  of  car  service  per  train  mile  was  calculated  as  follows  :  con- 
ductors' wages  §.035  ;  one  brakeman  to  each  train,  $.0286.  These  are 
the  amounts  actually  paid  on  the  New  York  Elevated  Railroad. 

The  cost  of  passenger  car  repairs  on  the  Burlington  i:  Missouri  River, 
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Louisville  &  Nashville  and  Indianapolis  &  Terre  Haute  Railroads  is  $.0617, 
$.04  and  $.0836,  respectively,  or  an  average  of  a  little  over  6  cents  per 
mile.  As  the  passenger  trains  on  these  roads  will  average  nearly  or  quite 
double  the  number  of  cars,  which  are  more  than  twice  as  heavy  as  those 
designated  for  a  rapid  transit  road,  the  cost  of  repairs  per  train  mile  on 
the  latter  would  not  be  one-third  what  they  are  on  the  former,  so  that  by 
allowing  $.02  per  train  mile  for  this  expense,  it  is  certain  to  cover  the  cost. 

Oiling  and  insjiecting  cars  on  the  Louisville  &  Nashville  Railroad,  the 
only  line  which  keeps  an  account  of  this  item  separate  from  other  expen- 
ses, is  $.007732  per  train  mile.  With  trains  at  least  ten  times  as  large  as 
those  on  a  rapid  transit  road,  this  expense  must  be  quite  four  times  what 
it  would  be  on  the  latter,  so  that  an  allowance  of  $.002  will  quite  cover  it. 

On  the  same  road  referred  to,  oil  and  waste  used  in  cars  costs  $.006946 
per  train  mile.  One-fourth  of  this,  or  say  $.00175  will  evidently  cover 
this  expense  on  a  rapid  transit  road. 

Fuel  and  light  for  cars  we  have  assumed  would  be  $.002,  cleaning 
-cars  $.  0025,  and  general  expense  of  car  shops  calculated  in  the  same  way 
as  for  the  locomotive  shops  will  amount  to  $.00666.  The  total  cost  of 
engine  and  car  service  will,  therefore,  be  as  on  next  page. 

The  train  expenses  of  the  New  York  Elevated  Railroad,  calculated  from 
the  statement  made  to  this  committee  by  the  Secretary  of  that  road, 
amounts  to  $.325  per  mile  run.  Deducting  from  the  cost  of  train  service. 
$4  000,  which  the  officers  of  that  company  say  has  been  expended  in  re- 
building several  engines  which  were  very  badly  constructed  (and  to  the 
latter  fact  the  writer  can  bear  testimony),  and  the  expenses  per  train 
mile  on  that  road  will  be  reduced  to  $.275,  even  with  the  unfavorable 
circumstances  under  which  that  company  has  been  operating  its  line. 
It  will,  therefore,  it  is  thought,  be  quite  safe  to  assume  that  the  train 
expenses  of  a  rapid  transit  road  will  not  exceed  25  cents  per  train  mile, 
which,  if  multiplied  by  the  number  of  train  miles,  will  be  the  value  of  a 
in  our  equation. 

The  "  fixed  exjienses  "  or  the  value  of  b,  has  been  determined  from 
the  amount  of  similar  expenses  reported  by  the  horse  railroads  which 
run  in  a  northerly  and  southerly  direction  in  the  city  of  New  York. 
These  are  given  in  the  State  Engineer's  Report  for  the  year  ending  Sep- 
tember 30,  1872,  under  the  heads  of  "  general  superintendence  ;  officers, 
clerks,  agents  and  office  expenses  ;  fuel,  gas  and  lights  ;  damages  to  per- 
sons and  property,  including  medical  attendance  ;  law  expenses  ;  adver- 
tising and  printing."     As  a  separate  charge  is  made  in  the  preceding 
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LOCOMOTIVE  EXPENSES 
(Per  train  mile  run.) 


Engineers'  and  firemen's  wages j 

Locomotive  repairs 

Fuel 

OU  and  waste 

Water  supply • 

General  expense  of  locomotive  shops,  including  repairs  of  shops  and 
tools,  superintendence,  clerk  hire,  watchmen,  fuel  and  light 


$.07 
.025 
.0325 
.0025 
.00168 

.00833 


Total  locomotive  expenses. 


CAR  SERVICE 
(Per  train  mile  run.) 


Conductors'  wages 

Brakesmen's  wages 

Passenger  car  repairs 

Oiling  and  inspecting 

Oil  and  waste 

Fuel  and  lights 

Cleaning  cars 

General  expense  of  car  shops. 


$.14001 


Total  car  expenses. 


$.035 
.0286 
.02 
.002 
.00175 
.002 
.0025 
.00666 


Total  train  expenses  per  mile  run $.23852 


.09851 


estimate  of  train  expenses  for  "fuel  and  light"  used  on  engines  and 
cars,  only  one-half  of  the  amounts  charged  by  the  horse  railroads  for 
this  item  is  assumed  to  be  "fixed  expense."  The  amounts  thus  determin- 
ed are  then  laid  down  as  follows  :  a  base  line,  A  B,  page  55,  is  taken,  the 
divisions  of  which  by  the  light  vertical  lines,  each  represents  a  traffic  of 
one  million  passengers  per  year.  Lines  are  then  drawn  from  A  B,  at  the 
points  which  represent  the  amount  of  traffic  of  each  of  the  roads  referred 
to,  and  the  amount  of  fixed  expenses  of  these  respective  roads  is  laid  off 
from  A  B,  on  a  scale  of  $24  000  to  an  inch,  and  the  measurement  marked 
with  a  small  circle.  Thus  the  Ninth  Avenue  line  has  a  traffic  of  a  little 
over  2  000  000  passengers  per  year,  and  its  fixed  expenses  are  $4  885,  so 
that  a  line  is  drawn  from  A  B  a  little  below  the  point  which  indicates 


Number  of 


per  Year. 


1  000  001 


2  000  00( 

3  000  00( 


4  000  ooc 


5  000  ooc 


<;  ooo  ooc 


f>  000  000 


10  000  000 


11  000  000 

12  000  000 


13  000  000 


14  000  000 


15  000  000 
1(5  000  000 


17  000  000 


18  000  000 

19  000  000 


20  000  000 


21  000  000 

22  000  000 


'23  000  000 
24  000  000 


25  000  000 
20  000  000 


^ppih! 


27  000  000 


28  000  000 


29  000  000 


30  000  000 


■■HH1 


ilBISBll^Ifilll 


IBBPJgPiiHiHiiMii 
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2  000  000  passengers,  and  the  expense  is  laid  down  0.2  inches 
from  A  B,  as  shown  at  a.  The  Sixth  Avenue  line  has  a  traffic  of 
14  236  598  passengers,  and  its  fixed  expenses  are  $34  920.  A  line  is 
therefore  drawn  from  A  B  at  the  point  indicating  that  number  of  pas- 
sengers, on  which  the  expenses  are  indicated  by  a  circle  b,  at  the  proper 
distance  from ^4  B.  The  lines  parallel  to  A  B  each  represent  a  fixed  expense 
of  $1  000,  so  that  the  different  amounts  can  easily  be  laid  down.  The 
expenses  of  all  the  other  roads  are  laid  down  in  the  same  way.  It  is 
evident,  then,  that  if  a  line  could  be  drawn  through  each  of  the  points 
thus  laid  down,  that  its  distance  from  A  B  would  indicate  the  fixed 
expense  for  any  given  amount  of  traffic.  It  is,  however,  impossible  to 
draw  a  line  through  each  of  the  points,  but  a  close  approximation  is 
possible.  This  is  represented  by  the  line  A  C,  which  gives  us  the  means 
of  determining  the  value  of  b,  or  the  fixed  expenses  for  any  volume  of 
traffic  up  to  30  000  000  passengers  per  year,  which  is  near  the  limit  of 
the  capacity  of  a  double  track  road  in  New  York. 

One  of  the  most  difficult  elements  to  determine  in  the  cost  of  operating 
an  elevated  rapid  transit  road,  is  that  of  the  maintenance  of  the  track  and 
the  road  structure.  It  is.  however,  certain  that  the  latter  will  be  very 
much  smaller  than  lor  any  other  kind  of  railroad.  This  is  indicated  by  the 
extremely  small  expense  incurred  in  maintaining  the  tracks  of  ordinary 
railroads  on  bridges,  which  is  owing  doubtless  to  the  fact  that  there  is  no 
substructure  which  is  alternately  saturated  with  water  and  then  dried  or 
frozen  and  then  thawed,  and  also  to  the  elasticity  of  the  bridge  on 
which  the  rails  rest.  All  these  conditions  would  exist  in  the  case  of  an 
elevated  railroad,  and  with  light  rolling  stock,  no  one  wheel  need  be 
loaded  with  a  greater  weight  than  '2  250  pounds,  so  that  the  wear  of  the 
rails  will  be  very  slight,  compared  with  that  to  which  ordinary  railroads 
are  subjected,  when  exposed  to  rolling  loads  varying  from  5  000  to  12  000 
pounds  per  wheel. 

The  details  of  cost  of  road  repairs  per  train  mile  on  the  Louisville  & 
Nashville  Railroad  for  the  year  ending  June  30.  1*72,  is  given  on  next 
[tisapparent  bhat  some  of  these  expenses  of  keeping  an  ordinary 
railroad  track  in  repair  would  not  be  incurred  at  all  in  an  elevated  hue, 
and  others  would  be  very  much  less  on  such  a  road  than  on  an  ordinary 
i<  >ad.  As  there  would  be  no  baUast  or  ditches,  there  would  be  no  labor  or 
cost  expended  on  either,  and  as  the  cross-ties  would  not  be  exposed  to 
saturated  earth,  they  would  therefore  not  be  so  liable  to  decay  nor  to  injury 
from  frost.     Neither  would  there  be  culverts,  cattle-guards,  hand  or  dump 
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COST  OF  ROAD  REPAIRS  ON  THE  LOUISVILLE  &  NASHVILLE  R.  R. 


Adjustment  of  track 

Ditching 

Repairs  of  culverts,  cattle  guards  and  crossings. 

'•      "  ballast 

"      "  road  tools 

"      "  hand  and  dump  cars 

"      "  switches 

General  expense 


COST  OF  RENEWALS. 


Cross- ties 

Labor  replacing  same  

Train  expenses  hauling  ties. 

New  rails  used 


(steel. 
|  iron . 


Iron  rails  repaired 

Labor  relaying  track 

Material,  joint  fastenings 

Train  expenses,  hauling  iron . 


.05818 

.010447 

.008872 

.009154 

.002398 

.001702 

.013906 

.004480 

.030845 

.015112 

.003207 

.071034 
.005048 

.003464 

.012998 

.01911 

.002091 


S.  02909 


.013906 
.004486 


.015422 
.007556 


Total $.272054       $.176814 


.071034 
.005048 

.003464 

.006499 

.019110 


cars,  <V'c.  The  labor  and  cost  of  adjusting  an  ordinary  track  is  largely 
expended  on  the  road  bed,  so  that  the  cost  of  doing  similar  work  on  a  line 
where  there  would  be  no  ballast,  nor  injury  from  frost  or  rain  woidd  be 
less  than  half  the  ordinary  cost.  In  the  preceding  Table,  the  different 
items  of  expense  which  would  be  incurred  in  the  maintenance  of  track, 
are  carried  over  into  the  second  column,  but  only  half  of  these  amounts 
which  are  divided  between  the  ballast  and  the  other  parts  of  the  track  are 
thus  carried  over.  The  amount  of  the  expenses  thus  carried  to  the 
second  column  it,  will  be  seen,  is  S.  176814  per  train  mile.  It  must  be  re- 
membered however,  that  the  weight  of  trains  which  are  proposed  for  a 
rapid  transit  road  is  less  than  one  tenth,  and  the  greatest  weight  per 
wheel  of  the  engines  is  less  than  one-fifth  that  of  such  a  railroad  as  the 
Louisville  &  Nashville.  The  repairs  to  the  track,  it  is  therefore  believed, 
will  on  the  former  be  less  than  one-tenth  that  on  the  latter,  so  that  a 
charge  of  $.02  per  train  mile  wiU  fully  cover  the  maintenance  of  the  track. 
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It  is  very  difficult  to  determine  with  any  certainty  what  will  be  the 
cost  of  maintaining  the  structure  itself.  It  would  require  to  be  painted 
over  every  two  years.  This  was  done  to  the  New  York  Elevated  Rail- 
road for  $700  per  mile  by  special  contract,  so  that  this  expense  would 
amount  to  $350  per  year.  An  equal  amount  will,  it  is  believed,  keep 
the  structure  itself,  if  properly  constructed,  in  repair.  The  cost  of  the 
maintenance  of  road  structure  and  track  per  year  would  therefore  be  re- 
presented by 

c  =  ($.02  Xm)  +  ($700  X  0- 

The  maintenance  and  repairs  of  station-houses  is  also  very  difficult  to 
determine  from  precedent,  espcci;illy  when  the  character  and  number  of 
the  structures  is  still  undetermined.  It  is  believed,  however,  that  $1  000 
per  mile  will  be  ample  for  the  repair  and  maintenance  of  well-constructed 
buildings.  An  additional  sum  of  $250  per  mile  is,  however,  added  for 
each  increment  of  5  000  000  of  passengers  carried  per  year  after  the 
first  5  000  000. 

The  station  service  for  a  traffic  not  exceeding  10  000  000  passen- 
gers should  consist  of  two  signal  men  for  each  station,  one  on  duty  aU  the 
time,  and  one  station  train  man  during  the  busiest  parts  of  the  day. 
The  expense  of  these  will  be  : 

2  signal  men  @  $3.00  each  =  $6.00 
1  train  man    (a),  2.50 


Train  service  per  station  per  day  =  $8.50 
If  the  traffic  should  exceed  10  000  000  per  year,  it  would  probably  be 
necessary  to  increase  the  station  service  to  two  train  men,  which  would 
make  the  cost  as  follows  : 

2  signal  men  @  $3.00  each  =    $('>.  1 10 

2  train  men   @    2.50     "     =      5.00 


Train  service  per  station  per  day  =  $11.00 
When  the  traffic  exceeded  20  000  000,   two  sets  of   train  men  of  two 
each,  and  probably  two  women  would  be  required  in  charge  of  ladies" 
waiting-rooms.     This  would  make  the  service  as  follows  : 

2  signal  men  @  $3.00  each  =  $  6.00 

4  train      "     @    2.50     "     =    10.00 

2  women        @    1.50     "     =      3.00 


Train  service  per  station  per  day  =  $19.00 
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With  three  stations  to  a  mile  the  station  service  can  easily  be  calculated 
from  the  above  data. 

From  the  reports  of  the  horse  railroad  companies  already  referred  to, 
it  is  found  that  the  average  cost  of  insurance  amounts  to  very  nearly 
$250  for  each  million  passengers  cari-ied.     Therefore, 

n  X  $250. 
J  ~~    1  000  000. 

The  average  rate  of  taxation  reported  by  the  New  York  horse  rail- 
road companies  is  $587  for  each  million  passengers  transported,  which  is 
the  rate  charged  in  the  estimates  following  ;  so  that 

_  n  X  $587. 
9  ~~  1  000  000. 

The  cost  of  maintenance  of  telegraph  and  signals,  it  is  also  impossible 
to  determine  by  precedent.  An  allowance  of  $500  per  mile  of  single 
track  is  made  for  this  expense. 

For  contingencies  an  allowance  of  $750  for  each  million  passengers 
carried  is  allowed. 

Before  the  formula  can  be  applied,  and  the  cost  of  operating  a  rapid 
transit  road  calculated,  it  is  necessary  to  determine  the  number  of  trains 
which  must  be  run  in  order  to  carry  a  given  number  of  passengers.  It 
is  believed,  however,  that  no  authority  should  be  granted  to  any  com- 
pany to  build  a  rapid  transit  railroad  without  the  express  stipulation  that 
not  more  than  half -fare  should  be  collected  tinless  the  passenger  is  provided 
with  a  seat  on  demand.  This  provision,  it  is  thought,  would  induce  any 
company  to  provide  cars  enough  to  seat  all  passengers  in  ordinary  times. 
To  prohibit  a  railroad  company  from  carrying  more  passengers  than  can 
be  seated  in  the  cars  woidd,  at  times,  be  an  annoyance  to  passengers,  if 
from  special  circumstances  which  a  company  could  not  foresee,  there  were 
an  unusual  number  of  passengers  and  not  enough  cars  to  seat  them  all. 
At  such  times,  and  even  under  ordinary  circumstances,  passengers  would 
rather  stand,  up  than  wait.  This  they  should  have  the  privilege  of  doing, 
but  as  a  passenger  receives  less  value  from  the  company  when  obliged  to 
stand  up  than  when  he  is  provided  with  a  seat,  he  should  pay  less.  In 
other  words  the  fare  should  bear  some  proportion  to  the  accommodation 
afforded.  This  is  but  simple  justice,  which  corporations  as  well  as  indi- 
viduals should  be  compelled  to  recognize.  If  seats  are  provided  for  all 
the  passengers  carried,  it  will  of  course  be  necessary  to  run  more  cars 
and  trains  than  woidd  be  needed  if  a  large  proportion  are  obliged  to 
stand  up  as  they  now  are  in  horse-cars.     It  is,  however,  very  difficult  to 
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determine  with  any  degree  of  certainty  the  number  of  cars  and  trains 
which  it  would  be  necessary  to  run  to  cany  a  given  number  of  passen- 
gers. As  the  travel  in  New  York  is  nearly  all  southward  in  the  morning, 
and  northward  in  the  evening,  the  trains  running  in  these  directions  at 
these  times  of  the  day  would  be  either  quite  or  nearly  filled,  whereas 
those  running  in  the  opposite  direction  would  carry  comparatively  few 
passengers.  Thus,  supposing  that  in  the  trams  running  southward  in 
the  morning,  between  the  hours  of  seven  and  ten,  an  average  number  of 
fares  equal  to  90  per  cent,  of  the  seats  was  collected,  and  during  the  same 
hours  in  the  trains  running  northward,  the  number  of  fares  collected  was 
10  per  cent,  of  the  seats,  then  during  these  hours  the  average  would  be 
50  per  cent,  of  all  the  trains  running.  In  the  evening  a  similar  condition 
of  things  would  exist,  excepting  that  the  direction  of  the  currents  of 
travel  would  be  reversed.  At  other  times  they  would  be  more  nearly 
equalized,  and  then  the  fares  collected  running  in  each  direction  might 
be  50  per  cent,  of  the  number  of  seats.  It'  this  were  the  ease,  then  the 
average  number  of  fares  taken  in  running  from  one  end  of  the  road  to  the 
other  during  the  entire  day.  would  be  50  percent,  of  the  number  of  seats. 
On  the  New  York  Elevated  Railroad,  in  which  all  passengers  are  pro- 
vided with  seats,  the  number  of  tares  collected,  averages  for  each  single 
trip  only  about  '■'>'>  percent,  of  the  number  of  seats.  It  must  be  remem- 
bered that  no  rapid  transit  railroad  which  stops  only  at  stations  at 
considerable  distances  apart,  can  secure  much  of  the  local  travel — that  is, 
passengers  who  go  only  short  distances.  It  will,  therefore,  be  dependent 
largely  upon  through  travel,  and  that,  nearly  all  moves  in  one  direction 
during  certain  hours,  and  the  reverse  way  at  others.  The  traffic  of  the 
road  would,  therefore,  require  what  railroad  men  call  a  ••dead-run"  in 
one  direction.  It  is  quite  certain,  however,  that  if  a  rapid  transit  road 
ran  trains  at  more  frequent  intervals  than  they  are  now  run  on  the  Xew 
York  Elevated  Road,  and  at  lower  rates  of  fare,  it  would  secure  a  larger 
proportion  of  passengers  to  each  train  than  that  road  now  carries.  Vet. 
if  cars  enough  are  provided,  as  they  should  be.  so  that  aU  passengers  can 
be  seated,  it  will  be  impossible  to  furnish  exactly  enough  seats  to  supply 
the  varying  demands,  so  that,  to  be  certain  that  all  will  be  seated,  the 
number  of  seats  must  usually  be  in  excess  of  the  demand,  and,  therefore, 
it  will  be  impossible  to  fill  aU  the  cars  entirely  full  when  running  in  the 
direction  of  the  travel,  and,  although  at  such  times  the  trains  moving  in 
the  opposite  direction  will  not  run  entirely  empty,  yet  it  is  quite  uncer- 
tain whether  at  these  hours  the  average  number  of  passengers  will  equal 
50  per  cent,  of  the  number  of  seats.     At  other   hours  of  the  day  travel 
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will  be  still  more  irregular,  so  that  it  is  doubtful  whether  the  average  pro- 
portion  of  passengers  to  seats  will  exceed  45  per  cent  of  the  latter. 
It  is  probable  though,  that  a  rapid  transit  road  will  of  itself  develope  a 
traffic  the  character  of  which,  it  is  impossible  to  anticipate. 

The  only  method  left  open  then,  is  to  base  calculations  on  average  receipts 
per  train  equal  to  different  assumed  percentages  of  the  seating  capacity  of 
the  cars.  Thus,  if  three  cars  are  run  in  a  train,  each  of  which  has  seats 
for  48  passengers,  the  total  number  of  seats  per  train  will  be  144,  and  if 
the  average  number  of  passengers  earned,  or  what  should  be  the  same 
thing,  the  average  number  of  fares  collected  is  50  per  cent,  of  the  number 
of  seats  in  running  a  single  trip,  or  from  one  end  of  the  road  to  the  other, 
then  by  simply  dividing  the  number  of  passengers  carried  per  year  by 
50  per  cent  of  144=72,  will  give  the  number  of  single  trips,  which  will  be 
run  by  trains  in  carrying  any  given  number  of  passengers.  In  other 
words,  let  p  =  the  percentage  which  the  average  number  of  passengers 
earned  per  trip  bears  to  the  number  of  seats  in  the  train,  and  s  the  num- 
ber of  seats,  then 


y 


sXp 

With  this  formula  the  number  of  trains  can,  of  course,  be  readily 
calculated  for  any  given  amount  of  traffic  per  year,  with  any  assumed 
number  of  passengers  per  trip. 

The  trains  for  a  rapid  transit  road  have  been  supposed  to  consist  of 
three  cars,  similar  to  those  used  on  the  New  York  Elevated  Railroad, 
each  with  seats  for  48  passengers. 

With  the  above  data,  Tables  I  to  V,  pages  69  to  73,  have  been  calcu- 
lated, showing  what  will  be  the  results  of  operating  a  road  if  the  average 
number  of  passengers  carried  per  trip  is  equal  to  40,  45,  50,  55  and  60  per 
cent,  of  the  number  of  seats,  and  with  different  assumed  volumes  of 
traffic  and  rates  of  fare.    • 

These  tables  have  six  columns,  each  containing  the  items  of  cost 
of  carrying  the  number  of  passengers  per  year,  indicated  at  the  head 
of  the  columns.  The  number  of  trains,  or  rather  the  number  of  single 
trips  made  by  trains,  is  determined  by  the  use  of  the  above  formula. 
The  number  of  miles  run  is  obtained  by  simply  multiplying  the  number 
of  trains  by  the  length  of  the  road,  or  5  miles.  The  nature  of  the 
other  calculations  for  the  tables  have  already  been  explained  with 
sufficient  clearness,  so  that  no  further  explanations  are  needed.  The 
receipts  for  different  volumes  of  traffic,  and  for  5,  6,  7,  8,  9  and  10  cents 
fare  are  given   at  the  bottom  of  each  table.     The  difference  between 
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those  receipts  and  the  expenses  is  also  given,  and  of  course,  shows  the 
profit  of  working  the  road. 

The  nioney  invested  in  a  rapid  transit  road  would  be  expended,  first, 
for  the  construction  of  the  road  itself,  and  second,  for  buying  the  right  of 
way,  for  real  estate,  shops,  tools,  station-houses,  rolling  stock.  Ac  Asa 
great  variety  of  plans  have  been  proposed  for  the  construction  of  the  road 
itself,  and  as  the  other  expenses  will  be  very  nearly  the  same,  no  matter 
what  plan  of  road  structure  is  adopted,  therefore  in  order  to  determine 
how  much  money  may  bi>  profitably  expended  in  the  latter,  we  will 
first  determine  what  amount  of  capital  will  be  needed  for  real  estate, 
stations,  equipment,  &c.  In  making  these  estimates  the  same  plan  will 
be  followed  that  was  adopted  in  the  construction  of  Tables  I  to  V  ;  that 
is,  the  calculations  wiU  be  made  for  assumed  volumes  of  traffic  as  before, 
and  for  the  cost  of  right  of  way.  real  estate,  shops,  tools.  Ac.  station- 
houses,  locomotives,  cars  and  sundries. 

Whatever  plan  of  road  is  adopted,  some  expense  must  be  incurred  for 
right  of  way  or  damage  to  property.  It  will,  of  course,  be  impossible  to 
tell  with  any  exactness  what  this  damage  will  be,  without  having  the 
location  of  the  road  fixed,  and  accurate  surveys  made.  It  lias,  however, 
been  assumed  at  $]  000  000  for  the  live  miles  of  road. 

The  average  value  of  the  real  estate,  Ac.  owned  by  the  horse  railroad 
companies  named  in  the  table  on  page  51.  excepting  the  Fourth  Avenue 
line,  is  a  little  over  $40000  for  each  million  of  passengers  carried  per  year. 
More  room  is.  however,  needed  for  stables  than  for  shops  for  engines, 
whereas  expensive  machinery  will  be  required  in  the  latter,  [t  is  thought, 
therefore,  thai  an  allowance  of  $50  000,  for  each  million  passengers  car- 
ried per  year  on  a  rapid  transit  road  will  be  sufficient  to  provide   the 

needed  real  estate,  shops,  tools.  Ac 

si  000 apiece  is  charged  for  station-houses  for  each  million  passengers 
!.  and  it  is  assumed  there  will  be  three  to  each  mile. 

The  experience  of  the  New  York  Elevated  Railroad  indicates  that 
about  five  engines  and  fifteen  cars  are  needed  to  carry  each  million  of 
passengers  per  year.  The  engines  are  charged  at  $3  500  and  cars  at 
$2  500  each.*  An  additional  charge  of  82  000  for  each  million  of  pas- 
sengers is  made  for  ••sundries."  These  sums  are  all  tabulated  for  differ- 
ent volumes  of  traffic  in  Table  VI,  page  74. 

*  It  is  not  strictly  correct  to  take  the  experience  of  this  road  and  apply  it  to  all  the  as- 
sumed conditions  of  traffic,  as  it  would  obviously  take  more  cars  to  carry  a  given  number 
of  passengers  if  only  40  per  cent,  of  the  seats  are  occupied  than  would  be  needed  if  66  per 
cent,  of  the  seats  were  filled,  but  to  ela  :  ;ation  for  each  of  the  conditions  would 

render  a  very  tedious  and  voluminous  calculation   I  The  error  in  the  above  ;i> 

tion  will  not  materially  influence  the  results  of  the  working  of  a  road. 
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Any  rapid  transit  road  to  be  profitable  must  pay  interest  on  the  money 
invested  in  real  estate,  &c.  Assuming  that  the  rate  of  interest  will  be  8 
per  cent. ,  it  is  plain  that  if  we  deduct  the  amount  of  the  interest  on  the  cost 
of  real  estate,  &c,  from  the  total  profits,  the  balance  will  be  the  amounts 
left  to  pay  interest  on  the  cost  of  the  structure  itself.  In  order,  there- 
fore, to  be  able  to  pay  8  per  cent,  on  the  latter,  its  cost  per  mile  must  not 
exceed — for  any  given  volume  or  conditions  of  traffic  or  rate  of  fare — an 
amount  on  which  the  balance  referred  to  above,  will  pay  8  per  cent.  Tables 
VII  to  XII,  pages  75  to  80,  have  been  calculated  from  these  data,  and  show 
the  balance  of  profits  left  after  paying  8  per  cent,  interest  on  the  cost  of 
real  estate,  &c. ,  given  in  Table  VI,  and  also  the  sums  on  which  this  balance 
will  pay  8  per  cent. ,  which  are  the  amounts  that  can  be  profitably  invested 
in  the  road  structure  and  track  with  the  rates  of  fare  and  conditions  of 
traffic  indicated.  These  amounts  are  also  reduced  to  the  cost  per  mile  of 
single  track.  As  salted  in  the  body  of  the  report,  it  would  be  unwise  to 
expend  more  than  three-fourths  the  amounts  indicated  by  the  calculations, 
thus  reserving  the  remaining  fourth  as  a   "  financial  factor  of  safety. " 

As  a  system  of  roads  adequate  to  the  wants  of  New  York  City  would 
involve  the  construction  of  many  more  miles  of  road  than  were  assumed 
for  the  preceding  calculations,  some  further  explanation  may  be  needed. 
From  these  calculations  it  will  be  seen  that  if  the  average  number  of  pas- 
sengers carried  is  equal  to  45  per  cent,  of  the  seats  in  the  train,  a  traffic 
of  15  000  000  passengers  per  year,  who  pay  6  cents  for  being  carried  5 
miles,  would  make  profitable  a  rapid  transit  road  of  that  length,  which 
cost,  exclusive  of  equipment,  &c,  not  exceeding  $400  000  per  mile  of 
double  track.  In  other  words,  each  mile  of  double  track  of  such  road  must 
receive  pay  for  carrying  15  000  000  passengers  over  it  per  year,  which  may 
be  called  15  000  000 passenf/er  mill's,  at  1\  cents  each.  The  total  number  of 
passenger  miles,  then,  for  the  assumed  road  from  the  Battery  to  the  Central 
Park,  and  with  the  above  amount  of  traffic,  will  be  75  000  000  per  year. 
Now,  if  the  system  of  roads  on  each  side  of  the  city,  extending  from  the 
Battery  to  Harlem  Biver,  is  constructed,  instead  of  having  5  miles  of 
double  track  road,  there  will  be  four  times  as  many,  or  20  miles.  To  be 
profitable,  therefore,  such  a  system  must  do  a  business  equivalent  to 
300  000  000  passenger  miles  per  year,*  which,  at  l-l  cents  each,  would 
yield  a  gross  revenue  of  $3  000  000.      [See  note,  page  68.] 

*  It  should  of  course  be  kept  clearly  in  mind,  that  the  above  volume  of  traffic  consists  of 
300  000  000  passertfi'-  r  m  ilex  and  not  that  number  of  passengers.  This  traffic  might  consist 
of  100  DDii  ikii)  passengers  who  paid  for  traveling  3  miles  each  ;  50  000  000,  who  paid  for  6 

■  :;:;::.  win'  pay  tor  traveling  V  miles  each   or,  as  would  be  most  probable,  it  would 
be  made  up  of  a  pi  ads  of  passengers. 
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APPENDIX  B. 

Estimate    of  Expenditure  which  can  be  afforded  for  Road  and 

Equipment  of  Rapid  Transit  Roads  on  various  Routes 

in  the  City  of  New  York.     By  O.  Chanute. 


I.  — On  the  basis  of  the  business  of  the  Third  Avenue  Railroad. 

Length,  8  miles — 26  950  000  passengers  carried  in  1873,  earning 
$1  512  396. 

Assume  that  a  rapid  transit  road,  located  over  the  same  route,  would 
do  an  equal  business,  of  which  one-third  should  be  through,  paying  10 
cents,  and  two-thirds  local,  paying  5  cents,  and  traveling  on  trains 
running  8  and  4  miles  respectively;  then  the  earnings  would  be  : 

9  000  000  through  passengers  per  annum,  at  10  cents $900  000 

18  000  000  local at5  cents 900  000 


Total  earnings $1  800  00O 

If  each  passenger  traveled  the  whole  distance  of  the  train,  the  mile- 
ape  would  be  : 

9  000  000  through  passengers  x  8  =  72  000  000  passengers  one  mile. 
18  000  000  local  "  x  4  =  72  000  000  "  "       " 


Total 144000000  "  "      " 

Assume  20  passengers  to  each  car,  capable  of  seating  46  ;  then  to  run 
144  000  000  passengers  one  mile  requires  7  200  000  car  miles,  and  if 
the  average  train  consists  of  3  cars,  a  train  mileage  of  2  400  000  train 
miles.  Thus  with  an  average  train  of  3  cars  of  46  seats  each,  giving  an  ac- 
commodation of  138  seats,  it  is  assumed  that  the  average  load  is  only  60 
passengers — say  100  in  one  direction  and  20  in  the  other,  in  consequence 
of  the  tidal  flow  of  the  business. 

The  expense  will  probably  be  : 

Per  train  mile. 

1  conductor  (with  a  train-brake)  100  miles  per  day 3^  cents . 

1  engineer  and   1  fireman  100     "        "       "    5£ 

Fuel,  oil,  waste  and  small  stores 6 

Water  and  incidental  expenses 1 

Repairs  of  engines  and  tools 6 

Total  train  service 22 
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Per  tram  mile. 

Total  train  service  (brought  over) 22  cents . 

Car  service,  3  cars  at  2  cents  each  per  mile  run 6 

General  expenses,  $48  000  a  year  on  2  400  000  train  miles 2 

Station  service,  $120  000        "        "  "  "        "      5 

Track  repairs,  (small  in  consequence  of  permanent  structure) 7 

Roadway  charges  (depreciation  and  repairs,  of  structure  and  buildings) 6 

Insurance  and  contingencies 2 

Total  estimated  cost 50 

The  expense  of  running  all  trains,  both  passenger  and  freight,  on  13 
leading  British  railroads  in  1872,  varied  from  58  to  73  cents  per  mile  run, 
and  on  7  leading  American  railroads  for  the  same  year,  from  $1.09  to 
§1.70  per  mile  run,  so  that  the  above  cost,  for  a  train  which  will  probably 
weigh  less  than  one-fifth  as  much  as  even  an  ordinary  passenger  train 
is  not  likely  to  be  exceeded  for  the  volume  of  business  assumed. 

It  is  quite  probable  that  the  track  repairs  and  roadway  charges  here 
assumed  to  cost  13  cents  per  mile  run,  would  not  exceed  5  or  6  cents,  in 
consequence  of  the  greater  permanence  of  the  structure,  but  if  assumed 
as  above  : 

Gross  earnings,  as  above  estimated $1  800  000 

2  400  000  train  miles,  at  50  cents  per  mile ■ 1  200  000 

Net  profit S  600  000 

which  is  the  interest  at  8  per  cent  on  $7  500  000,  or  a  cost  of  $937  500  a 
mile  for  8  miles. 

This  profit  would  not  be  realized  immediately  upon  the  opening  of 
the  road,  as  many  local  passengers  would  still  take  the  horse-cars,  and  it 
would  require  from  three  to  five  years  for  the  population  to  adjust  itself 
to  the  new  conditions.  If  it  is  assumed  that  during  that  time  the  busi- 
ness is  only  one-half  of  that  assumed  above,  the  earnings  will  be  : 

4  500  000  through  passengers  per  annum  at  10  cents $450  000 

OOOOOOOlocal  "  '•        "         at  5  cents 450  000 

Gross  earnings $900  000 

Expenses,  1  200  000  train  miles  at  50  cents 600  000 

Net  profit $300  000 

or  interest  at  8  per  cent,  on  a  cost  of  .$3  750  000,  or  $168  750  per  mile. 

While  the  cost  of  the  train  mile  is  here  assumed  at  50  cents,  it  is  more 
likely  to  be  46  cents  a  mile  for  the  first  two  years.  The  station  sen-ice 
and  general  expenses  will,  it  is  true,  be  spread  over  a  smaller  basis,  but 
the  machinery  and  structure  will  be  new  and  in  less  need  of  repairs.  The 
estimate  is  as  follows  : 
5 
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•     Ptr  train  mile. 

Train  service  (2  cents  less  per  mile  run  on  engine  repairs) 20    cents . 

Car  service  (1  cent       "       "     "      «•    by  cars  for     "      ) :i 

General  expense  ($3G  000  a  year  on  1  200  000  train  miles) :{ 

Station  service  ($120  000      "        "         "              <<        «      ) 10 

Track  repairs  (quite  small  in  consequence  of  newness)   4 

Roadway  charges  (  "                     "                         "            ) 4 

Insurance  and  contingencies 2 

Total  o  >st  i  ier  train  mile 46 

It  is  therefore  deemed  safe  to  assume  50  cents  per  train  mile  in  the 
subsequent  estimates. 

II.  Ox  the  Basis  of  the  Business  of  the  Eighth  Avenue  Bail- 
koad. — Length  10 miles, — 15  143  048  passengers  carried,  earning  $798  040. 
Assume  gross  earnings  to  be  : 

5  000  000  through  passengers  per  annum  at  10  cents $500  000 

l(i  000  000  local  "  •'        "        at  Scents 500  000 

Gross  earnings $1  000  000 

assume  train  load  of  (id  passengers  as  above  : 

™,  ,.  6  Olio  (ion  x  10     „„„„ 

Through  passengers  — =  833  333  train  miles. 

00 

10  000  000  x  5      „„„„„„ 

Local  "  — =   833  333      " 

60 

1  CGG  GG6      " 
Expenses  10GG  GGG  train  miles  at  50  cents 833  333 

Netproflt S1G6667 

whieh>  8  per  cent,   on  only  $2  083  337.50,  or  $208  333,  per  mile  for  10 
miles,  ami  <  \  idently  will  not  do. 

This  result  is  due  to  two  causes;  first,  the  smaller  volume  of  busi- 
ness,  and  second,  the  greater  length  of  line.  The  fares  having  been  as- 
sumed as  the  same,  the  increased  length  of  road  reduces  them  from  l£ 
ciiit  per  mile  to  1  cent,  If,  however,  for  the  double  purpose  of  raising 
slightly  the  rates  of  fares  and  better  filling  the  trains,  by  proportion- 
ing them  more  accurately  to  the  volume  of  travel,  we  suppose  the  line 
Operated  in  three  circuits  from  the  Battery,  the  first  reaching  to  the 
vicinity  of  Union  Square,  2|  miles,  at  1  cents  fare;  the  second  to  the 
end  of  Central  Bark,  5  miles,  at  6  cents  fare,  and  the  third  to 
Harlem  Biver  at  13  cents  fare,  we  have  the  following  probable  earnings 
fromfthe  same  volume  of  business  : — 

5  000  000  Passengers— Battery  to  Union  Square,  at  i  cents $200  000 

,1)00  "  «'  59th  street,  at  6  cents 300  000 

Harlem  River,  at  13  cents .         650  000 

Gross  earnings $1  150  000 


67 

Assume  an  average  train  load  of  70  passengers,  instead  of  60  as  before, 
for  every  138  seats  carried: 

T7   .       „  .     .       5  000  000  x  25       ,         „„  ,     . 

Union  Square  trams  =  189  286  tram  miles. 

70 

vi     4.    ,  t,     ,  5  000  000x5        ._„,,„ 

Central  Park       "         =  357  113 

70 

xi     i        t,-  5  000  000x10       „„.  „„ 

Harlem  River    "         =  711  280 

70 

1200  715 
Expenses  1  260  715  train  miles,  at  50    cents C30  357  50 

Net  profit $519  642  50 

which  is  8  per  cent,  on  $6  495  531,  or  8619  553  per  mile  for  10  miles. 

As,  however,  the  western  upper  part  of  the  city  served  by  this  hue 
contains  much  the  best  sites  for  residences,  it  is  probable  that  the 
volume  of  its  business  would  grow  to  be  greater  than  is  here  assumed,  and 
might  be  fully  equal  to  that  on  the  Third  Avenue  line. 

in.  Estimate  of  Expenditure  which  can  be  afforded  by  the  Hak- 
eem Railroad. — To  extend  from  Grand  Central  Depot  to  the  Battery. 

Total  length  to  be  operated  9  miles,  of  which  about  4£  miles  are  now 
building  for  other  purposes,  at  a  cost  of  about  $7  000  000,  of  which  the 
city  pays  a  part,  and  a  tunnel  is  built  from  Forty -second  to  Thirty -fourth 
streets.  There  remains,  therefore,  about  -1  miles  of  rapid  transit  road  to 
build,  from  Thirty-fourth  street  to  the  Battery. 

The  present  street-car  traffic  on  this  line  consist?  of  8  730  888  pass- 
engers carried  13  096  332  miles,  or  an  average  of  lj  miles  each. 

If  the  length  be  doubled  and  the  time  now  occupied  reduced  by  rapid 
transit,  the  business  will  more  than  double  at  once.  In  three  years  it  Avill 
have  quadrupled,  and  the  earnings  are  likely  to  be: — 

10  000  000  through  passsengers,  at  10  cents SI  000  000 

25  000  000  local  "  at  5  cents 1250  000 

Gross  earnings $2  250  000 

25  000  000  x  4 

42d    street    trains,     -     — — =  1  666  660  train  miles. 

60 

„     ,  10  000  000x9         , „„ 

Harlem  "        — =1500  000 

•  

3  166  666 

Expenses  3  166  066  train  miles  at  50  cents 1  583  333 

Netproflt 

Now  if  the  through  business  of  the  roads  terminating  at  Forty-second 
street  pays  interest  upon  the  cost  north  of  that  point,  the  profits  upon 
the  additional  traffic  thrown  over  the  line  may  all  be  applied  in  paying 
the  interest  upon   its   extension.       Assume,    however,    that   $166  667  be 
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applied  in  additional  retains  [on  the]  road  north  of  Forty-second  street, 
aud  8500  000  on  the  southern  extension,  it  would  pay  8  per  cent,  on 
$6  -2r,0  000,  or  $1  562  500  per  mile  for  a  length  of  4  miles. 

If  the  whole  profit  must  be  applied  in  interest  on  the  whole  9  miles,  it 
would  warrant  an  expenditure  of  $8  333  337.50,  or  $925  925  per  mile. 

Nothing  has  been  alL  >wed  in  the  above  estimates  for  earnings  from 
mails,  nor  from  express  packages.  These  will  be  sources  of  considerable 
revenue,  but  they  are  above  omitted,  in  order  to  compensate  for  any 
possible  under-estimate  of  the  operating  expenses. 


Note. — The  following  deductions,  made  from  the  calculations  in  Ap- 
pendix A,  and  contained  in  the  tal  >le  herewith,  may  be  of  interest  or  service 
to  those  who  are  investigating  the  subject  of  the  cost  or  profit  of  operat- 
ing a  rapid  transit  road.  The  f  iimn  of  the  table  gives  the  average 
number  of  train  miles  run  in  order  to  carry  5,  10,  15,  20,  25  and  30  mil- 
lions of  passengers  per  year,  taken  from  Tables  I  to  V;  the  second 
column  gives  the  total  cost  of  running  these  trains,  and  the  third 
column  gives  this  cost  reduced  to  the  cost  per  mile.  The  fourth 
column  gives  the  earnings  per  mile  at  a  fare  of  1 .',  cents  per  passenger 
mile,  and  a  number  of  passengers  equal  to  45  per  cent,  of  the  seats  in  a 
train  consisting  of  three  cars,  with  48  seats  each.  The  last  column  gives 
the  profit  per  train  per  mile.  It  will  be  noticed  that  the  cost  per  mile  of 
running  trains  grows  less  and  the  profit  greater  as  the  number  of  miles 
run  increases.  This  is  owing  to  the  fact  that  certain  fixed  expenses  are 
divided  among  a  larger  number  of  miles  run.* 


Number  of  Train 
Miles  run. 

Total  Cost  of 
running  Trains. 

$183  912 

Cost  per  Train 
Mile. 

Earnings  pr.  Train 
Mile    at   li    cents 
per  Pass'ger  Mile, 

Profit  per  Train 
Mile. 

354  410 

$.5188 

$.7776 

$.2588 

708  820 

302  337 

.426.3 

.7776 

.3511 

1  0G3  230 

435  101 

.4092 

.7776 

.3684 

1  417  G40 

553  977 

.3907 

.7776 

.3869 

1  772  050 

706  652 

.3987 

.7776 

.3789 

2  126  460 

835  028 

.3926 

.7776 

.385 

*  The  above  figures,  if  applied  to  anyone  of  the  conditions  of  traffic  given  in  the  tables, 
will  not  give  exactly  the  same  results  as  those  shown  by  the  tables,  because  the  above  calcula- 
tions were  made  from  an  average  of  all  the  tables,  and  not  from  any  one  single  case. 
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DISCUSSIONS 


ON  UPRIGHT  ARCHED  BRIDGES. 

Mr.  S.  Whipple — In  the  communication  of  Capt.  Eads,  replying 
to  discussions  by  members  of  the  Society  upon  the  subject  of  "Upright- 
arched  Bridges,"  he  says — 

"  Perhaps  the  simplest  way  of  determining  the  question  of  economy 
in  the  proposed  system  of  bracing  the  arch  under  unequal  loads,  will 
be  for  those  who  deny  its  existence  to  submit  to  the  Society  the  details 
and  weights  of  a  horizontal  truss  of  517  feet  span  on  the  above  data, 
and  show  how  nearly  it  approximates  to  3, 100  pounds  per  lineal  foot  in 
weight,  "f 

It  is  understood  that  the  "  data"  referred  to,  requires  a  single  truss  of 
the  length  stated,  capable  (when  secured  transversely  by  connection 
and  bracing  with  one  or  more  similar  trusses)  of  withstanding  the  ver- 
tical action  of  2  500  pounds  of  movable  load  to  the  lineal  foot  upon  the 
whole  or  any  part  of  its  length,  with  a  stress  of  10  000  pounds  upon 
iron,  and  20  000  upon  steel — or  less — to  each  square  inch  of  cross 
section. 

In  pursuance  of  the  above  suggestion,  the  following  plan  and  esti- 
mate are  respectfully  submitted  ;  the  plan  being  one  suggested  for  long 
spans,  in  my  original  work  on  Bridge  Building,  printed  in  1847.  J 

It  is  proposed  to  construct,  in  the  first  place,  a  simple  trapezoidal 
truss  of  eight  panels,  of  which  six  are  to  be  square  and  the  two  end  ones 
triangular  ;  each  panel  to  measure  64r-jj-  feet  vertically  and  horizontally, 
as  shown  in  the  diagram.  Then 
2  500  pounds  to  the  lineal  foot, 
gives  161  562+ — say  162  000  pounds  as  the  movable  load  of  each  panel, 
and  assuming  temporarily  a  like  amount  for  weight  of  structure,  we  have 

*  Continued  from  Vol.  Ill,  page  334.  f  Vol.  Ill,  page  333. 

t  "  A  work  on  Bridge  Building,  consisting  of  two  Essays,  the  one  elementary  and  general, 
the  other  giving  original  Plans  and  practical  Details  for  Iron  and  Wooden  Bridges.  By  S. 
Whipple,  C.  E„  Utica,  N.  Y.,  1847." 


324  000  pounds  (=  W)  for  the  gross  panel  load.  Now  as  a  convenient 
unit  of  material,  represent  by  M  the  weight  in  a  member  having  a 
length  equal  to  the  depth  of  truss  v  (=64-|  feet)  and  a  cross-section 
capable  of  sustaining  a  stress  equal  to  W,  at  the  given  rate  per  square 
inch.  Then  we  have  only  to  determine  the  maximum  stresses  of  the 
different  members  in  terms  of  W,  multiply  by  the  lengths  of  respec- 
tive members  in  terms  of  v,  change  W  to  M,  and  we  have  the  weights 
of  the  several  members  in  terms  of  M,  exclusive  of  a  certain  reason- 
able percentage  to  be  added  for  laps,  couplings  and  connections. 

The  truss  contains  eight  tension  diagonals,  subject  to  sustain  maxi- 
mum weights  as  follows  ;  namely,  the  two  endmost  each  2tV  W,  the  two 
next  centrewards  1 1  '  W,  the  two  next  "-£  TF,  and  the  two  remaining  -^ 
W,  making  an  aggregate  vertical  action  upon  these  members  equal  to  lOi 
W.  But  thestressof  diagonals  being  as  the  vertical  action  into  the  length, 
—  v  v/  27  <»r  y/2,  since  /•  represents  unity,  and  the  quantity  being  as  the 
stress  into  the  length  of  member,  it  follows  that  the  material  required  in 
the  diagonals  to  sustain  10^  PTof  vertical  action, 

L0     V      v    2Xv/2==21i»f. 
The  two  tension  verticals,  or  the  two  endmost — supposing  the  whole- 
live  and  dead  load  to  be  along  the   lower  chord— are   liable  each  to  sus- 
tain TF,  and  require  material  for  the  two  =2  M. 

The  lower  chord  under  the  two  middle  panels,  sustains  a  stress  of 
7.1  W,  under  the  two  next  6  W,  and  under  the  four  remaining  panel 
lengths  3^  W,  making 41  II*  by  a  length  equal  to  unity,  consequently  re- 
quires material  equal  to  41  M,  and  making  a  total  for  main  tension 
members,  of  01    1/. 

The  compression  of  different  portions  of  the  upper  chord  is  for  suc- 
cessive panels  from  centre  outward,  8  W,  1\  W,  and  6  W,  making  an 
aggregate  of  4:5  W,  for  amount  of  action,  and  43 M for  required  material. 
Each  end  brace  sustains  a  vertical  action  of  3£  W,  whence  material  for 
the  two  is  represented  by  14  M,  making  with  upper  chord,  57  M. 

Of  the  5  compression  verticals,  two  sustain  1.77  W  each  (including 
weight  of  upper  chord),  two,  0.965  W  each,  and  (to  bring  the  section  up 
to  a  workable  size)  the  middle  one  may  be  rated  at  the  same,  making  a 
total  of  6.43,  or  say  Q>\  W,  in  the  case  of  a  "  through"  bridge.  6-"-  M 
then  will  represent  the  material  for  compression  verticals. 

Now  after  determining  the  value  of  M  as  applied  to  the  various  parts 
and  members — which  will  of  course  depend  upon   the  maximum  stress 


allowed  to  the  square  inch  of  cross-section  in  respective  cases — we  shall 
be  prepared  to  sum  up  the  amount  of  required  material  for  the  truss. 

It  is  proposed  to  allow  for  tension  material  a  stress  of  10  000  pounds 
to  the  inch  ;  hence,  for  that  material,  M  will  represent  a  section  of  32.4 
square  inches  by  a  length  of  64r|  feet,  equal  to  7  082  pounds.  64  M  then 
represents  453  248  pounds,  to  which  add  for  connections,  &e. ,  say  25 
per  cent,  making , 566  560  pounds. 

For  upper  chord  and  end  braces,  estimated  to  be 
of  steel  and  to  sustain  20  000  pounds  to  the  inch, 
the  value  of  M  will  be  3  541  pounds  and  57  M  equals 
201  837 — (allowing  the  same  specific  gravity  for  steel  as 
for    iron);   adding  as  before,   25    per  cent.,    we  have   252  296        " 

The  compression  verticals  are  proposed  to  be  of 
wrought  iron,  with  a  maximum  stress  of  only  5  000 
pounds  to  the  square  inch.  Hence  M,  as  applied  to 
these  parts,  represents  14  164  pounds,  and  6i  M,  92  066 
pounds,  which  becomes,  by  adding  25  per  cent,  for  con- 
nections and  stiffenincfs 115  082        " 


making  whole  weight  of  the  truss,  thus  far, 933  938        " 

Having  thus  provided  stable  points  of  support  at  intervals  of  64 1  feet, 
it  only  remains  to  span  those  intervals  with  small  trusses  capable  of  carry- 
ing the  required  load  per  lineal  foot,  in  order  to  have  a  bridge  truss  of 
517  feet  span,  possessing  all  the  useful  qualities  and  advantages  usually 
pertaining  to  such  structures. 

Adopting  for  convenience  of  estimating,  the  same  plan  and  general 
proportions  for  the  short  trusses  as  above  adopted  for  the  large  one,  the 
former  having  one-eight  the  length  of  members  and  of  the  amount  of 
stress  upon  them  respectively  (under  the  same  load  to  the  lineal  foot), 
they  would  of  course  contain  one-sixty-fourth  the  amount  of  material  (of 
the  same  kind)  contained  in  the  latter.  But  as  the  gross  load  per  foot 
upon  the  large  truss  is  assumed  at  5  000  pounds,  whereas  that  of  the  small 
one  would  be  less  than  3  000  pounds,  it  follows  that  the  material  for 
the  latter  woiild  be  less  than  \  of  gV,  or -3- IK,- ;  being  considerably  less 
than  one  per  cent,  of  the  material  in  the  large  truss.  Calling  it  then,  one 
per  cent,  the  small  truss  should  contain  0.64  M  of  tension  material, 
0.065  If  in  compression  uprights  and  0.57  M  for  other  compression 
material,  and  multiplying  each  of  these  three  items  by  8,  the  number 
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of  small  trusses,  we  have  (5.12  +  0.52  +  4.56  M=)  10.2  M,  as  the  total 
for  the  eight  small  trusses  ;  which  makes  a  grand  total  in  terms  of 
M,  of  137.7  M. 

Estimating  the  small  trusses  to  be  all  iron,  and  adding  0.52  M  extra 
on  compression  verticals,  we  obtain  10.72  X  7  082  =  75  919  pounds,  which 
increased  by  25  per  cent,  becomes  94  898.  Adding  this  to  the  weight  of 
large  truss,  we  have  as  a  final  total,  1  028  836  pounds,  being  a  little  less 
than  2  000  pounds  to  the  lineal  foot. 

Capt.  Eads  says,  in"  the  paragraph  preceding  the  one  first  quoted 
from,  in  his  communication  : 

"  This  bow-string  girder'*  (with  which  he  desires  competing  estimates 
upon  "horizontal  trusses")  " including  everything,  weighs  3  100  pounds 
per  lineal  foot  ;  the  arch  is  of  steel,  to  bear  20  000  pounds  per  square 
inch  ;  all  the  other  parts  are  of  wrought- iron,  including  the  chords, 
which  take  the  entire  thrust  of  the  arch."* 

What  is  meant  by  "  every  thing"  in  the  above,  is  not  entirely  clear, 
and  may  include  some  useful  adjuncts  which  are  admitted  in  my  estimate. 
But  it  may  help  in  elucidating  the  case,  to  direct  attention  to  t he  fact  that 
the  simple  arch  and  chord  alone  of  the  bow-string  truss  under  considera- 
tion undergo  an  amount  of  action  (which  determines  the  amount  of  ma- 
terial at  a  given  stress)  equal  I"  64  W;  meaning  the  action  of  stress  equal 
to  the  weight  \V.  I  324  000  pounds)  acting  upon  CI  units  of  length, 
which  units  are  here  assumed  at  64|  feet  each  for  chord  and  69-J-  IF  for 
the  arch,  making  133^  IT.  against  L37.7  FT  above  determined  as  the  whole 
action  upon  the  material  of  the  trapezoid  complete  ;  being  a  difference  of 
only  3:'f  per  cent. 

It  is  true  that  the  material  in  the  compression  uprights  of  the  trape- 
zoid acts  with  less  advantage  than  that  of  the  arch.  On  the  other  hand, 
the  arch-truss  requires  the  websystem  to  make  it  complete,  of  which  soine 
of  the  material  may  act  under  an  equal  disadvantage.  For  instance,  the 
inverted  arches  subtending  the  two  halves  of  the  erect  arch,  must  be 
subject  to  tension  under  the  loaded  half,  and  compression  under  the 
unloaded  half  ;  which  are  usually  not  favorable  conditions.  Again,  there 
must  be  compression  members  of  considerable  length  connecting  the 
erect  and  inverted  arches,  which  may  require  more  than  a  square  inch  of 
section  to  10  000  pounds  of  compression.  But  not  having  the  full  details, 
I  can  only  judge  according  to  the  seeming  probabilities  of  the  case. 

*  Vol.  Ill,  page  333. 
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Finally,  from  the  preceding  exposition  of  facts,  as  well  as  from  all  my 
former  investigations  upon  the  subject,  it  seems  clear  to  my  mind,  that 
in  no  case  of  a  long  span  bridge — with  the  same  materials  and  rates  of 
strain — can  an  arch  truss  with  full  chord,  be  constructed  so  economically 
as  the  trapezoidal  truss. 


ON   LEVEES   OF   THE   MISSISSIPPI.  * 

Mk.  Elmik  L.  Corthell  : — The  historical  data  and  facts  furnished  in 
this  paper  of  Prof.  Forshey,  together  with  the  suggestions  from  the  expe- 
rience of  so  eminent  an  engineer,  are  of  great  interest  to  the  profession 
at  large  and  of  especial  value  to  those  engaged  in  levee  construction. 

The  objects  to  be  gained  by  levee  construction  are  so  important  and 
the  engineering  difficidties  in  the  way  of  a  successful  reclamation  of 
the  vast  alluvions  of  the  Mississippi  river  so  great,  that  the  attention  of 
the  Society  should  be  given  to  the  subject  and  the  plans  proposed  care- 
fully considered. 

The  territory  to  be  reclaimed  should  extend  beyond  the  limits  men- 
tioned by  the  writer,  and  include  not  only  the  alluvions  of  the  lower 
but  also  those  of  the  upper  Mississippi  and  all  its  tributaries.  One  of  these 
alluvions — namely,  that  now  being  reclaimed  by  the  construction  of  the 
Sny  Island  levee — comprises  100  000  acres  of  the  most  fertile  lands  of 
the  state  of  Illinois  ;  it  is  surrounded  by  a  rich  and  prosperous  country, 
intersected  by  important  railroads,  and  is  near  to  an  excellent  market. 
The  value  of  the  farms  immediately  adjacent — of  soil  inferior  to  that  of 
this  district — is  fully  $75  per  acre,  and  the  farms  of  the  district  will  in  five 
years  be  worth  in  the  aggregate,  probably,  $5  000  000. 

The  work,  comprising  about  2  300  000  cubic  yards  of  earth,  will  be 
completed  at  an  early  day.  Other  tracts  similar  in  character  on  the  up- 
per Mississippi  will  soon  be  leveed,  so  that  it  may  well  be  said  that  the 
subject  of  levee  construction  is  one  of  great  and  increasing  importance. 

The  engineering  difficidties  to  be  overcome  and  the  extraordinary  ser- 
vitudes of  the  levee  are  fully  and  .plainly  shown  in  the  paper  discussed, 
and  if  its  writer  has  not  solved  all  the  problems  of  levee  construction 
and  maintenance,   he  has  gone  far  towards  doing  so.     It  is  to  be  hoped 

*  Continued  from  Vol.  III.,  page  284. 
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that  the  report  of  the  commission  of  eminent  engineers  (appointed  by 
the  President,  under  a  recent  act  of  Congress)  now*  engaged  in  the  ex- 
amination of  the  levee  subject  will  go  still  further  and  show  how  the 
obstacles  in  the  way  of  reclamation  may  be  overcome  effectually. 

The  ideas  advanced  in  this  paper,  relative  to  the  general  construction 
of  levees  built  of  earth  alone  are,  no  doubt,  correct  and  the  result  of 
many  years  of  practical  experience  in  levee  building,  but  the  plans  pro- 
posed for  economizing  the  work  seem  to  be  open  to  some  objection.  On 
page  281  is  found  a  sketch  of  a  levee  cross  section,  8  feet  high,  the 
crown  2  feet  wide  and  the  slopes  1  to  1  and  2  to  1,  the  latter  next  the 
river  ;  through  the  centre  a  board  fence  runs  longitudinally  with  the 
levee.  If  the  board  "septum"  is  impervious  to  water,  as  the  writer 
claims  it  generally  to  be,  this  cross  section  will,  no  doubt,  be  sufficient 
to  resist  the  mere  pressure  of  the  water,  but  such  service  is  the  least  the 
levee  has  to  render.  According  to  the  writer,  all  kinds  of  alluvial  soils 
are  used  in  levee  construction — sand,  sand  and  loam,  sand  and  clay, 
&c,  &c.  It  is  very  doubtful  if  the  inside  slope  for  any  length  of  time 
will  be  able  to  stand  against  the  wash  and  waste  of  rains,  or  if  the  crown 
will  preserve  its  width. 

In  the  summer  of  1812  I  visited  the  levees  of  the  lower  Mississippi, 
just  after  those  above  and  below  Friar's  Point  (Mississippi)  had  been 
rebuilt,  with  what  seemed  to  be  a  crown  of  5  feet  and  slopes  3  to  1.  Al- 
though completed  but  a  tew  weeks,  it  was  difficult  to  ride  a  horse  along 
the  crown,  owing  to  the  deep  gullies  worn  into  it  and  the  slopes  by  the 
heavy  rains.  Had  the  crown  been  2  feet  instead  of  5  and  the  slopes  1  to 
1  and  2  to  1,  instead  of  3  to  1,  the  condition  of  the  bank  can  be 
imagined. 

In  reference  to  the  outside  slope,  it  is  stated  that  2  to  1  may  be  con- 
sidered the  angle  of  repose  of  earth  in  water.  The  water  must  certainly 
be  in  a  state  of  repose  and  the  material  different  from  that  usually  found 
along  the  river  to  allow  this  slope  to  stand,  and  that  alluvial  earth,  with- 
out being  held  in  place  by  some  construction,  will  stand  in  water  at  a 
slope  of  1  to  1,  as  shown  in  the  diagram  on  page  283,  is  certainly  beyond 
precedent,  That  the  levee,  even  when  built  in  the  forests,  will  at  all 
times,  or  even  a  large  portion  of  the  time  of  high  water,  be  in  water  per- 
fectly quiet  is  not  to  be  expected.  The  wash  of  currents  and  waves 
against  a  bank  of  sand  with  slopes  1  to  1,  or  even  2  to  1,  woidd  soon  leave 

*  January  9th,  1875. 
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the  board  partition  bare  to  the  base  of  the  levee.  Each  wave  would 
carry  off  its  load  of  earth,  and  it  would  seem  that  with  a  heavy  wind 
bl(  iwing,  the  incessant  lapping  of  waves  for  twenty-four  hours  would  de- 
stroy such  a  levee,  board  fence  and  all ;  in  fact,  the  mere  pressure  of  the 
water  against  a  bank  with  the  front  slope  gone  and  nothing  but  a  fence  of 
one-inch  boards  roughly  put  up  and  a  bank  behind  it  of,  say,  a  slope  of  2 
to  1,  would  probably  carry  the  whole  thing  away. 

The  writer  states  that  the  board  fence  offers  complete  protection 
against  rapid  abrasion  in  cases  where  the  river  has  undermined  the  banks 
and  carried  away  a  portion  of  the  levee,  fence  and  all.  We  are  bound 
to  accept  this  statement  if  it  is  made  from  his  actual  observation,  but  if 
not,  it  woidd  seem  to  be  impossible  for  such  a  barrier  to  resist  for  a 
moment  the  water  rushing  in  with  a  velocity  due  to  a  head,  say,  of  10  or 
15  feet,  accompanied  with  drift  composed  of  large  trees,  snags,  &c. ,  and 
the  bank  of  the  river  already  undermined. 

It  remains  to  notice  briefly  the  ''portable  levee,"  described  on 
page  284.  The  plan,  whether  practicable  or  not,  is  certainly  unique. 
It  could  be  examined  more  critically  had  the  writer  given  more  details  as 
to  the  shape  of  the  beams  and  braces,  whether  they  are  rectangular  box 
beams  of  channel  iron  and  plates,  or  of  some  other  form. 

Taking  it  for  granted  that  the  construction  has  sufficient  strength  to 
resist  the  servitudes,  and  that  the  weights  of  iron  given  are  correct,  the 
estimate  of  cost  seems  to  be  low,  even  at  the  present  low  price  of  iron, 
which,  for  "  merchant  bar,"  is  about  4  cents  per  pound.  The  expense 
of  the  construction  into  beams  and  braces,  the  transportation,  the 
handling,  hauling  and  erecting,  including  expensive  riveting,  will  make 
the  final  cost  at  least  10  cents  per  pound.  This  price  will  increase  the 
estimate  for  iron,  per  running  foot  of  levee,  from  831.20  to  $78.00.  The 
piles  and  caps  could  be  of  but  little  use,  whatever  duty  they  are  in- 
tended to  perform  ;  for  with  the  amount  of  material  given,  namely — 
21  feet  board  measure  per  lineal  foot  of  levee,  the  piles  must  be  at  least 
24  feet  apart,  supposing  that  they  and  the  caps  are  12  inches  square  in 
section.  The  depth  also,  to  which  the  piles  are  shown  to  be  driven, 
say  5  or  6  feet,  does  not  seem  to  be  sufficient  to  retain  them  in  place. 

As  regards  the  portability,  which  is  claimed  to  be  the  special  advan- 
tage gained  by  this  plan,  there  seem  to  be  difficulties  in  the  way.  Ac- 
cording to  the  writer,  the  forestore  of  the  levee,  after  a  short  time  fills 
up  to  high  water-mark  with  accretions  of  sediment.     This  bank  of  nmd 


and  earth  probably  extends  several  hundred  feet  out  in  front  of  the 
levee.  It  must  be  very  expensive  work  to  move  this  deposited  material 
and  clean  it  from  the  iron  work. 

The  method  of  moving  this  levee  back  to  its  new  ground  has  not 
been  stated.  Is  it  to  be  moved  as  a  whole — if  so,  weighing,  as  it  does, 
780  pounds  per  lineal  foot,  it  would  seem  to  be  a  troublesome  construc- 
tion to  move  over  the  stumps,  bogs  and  mud  of  a  cypress  swamp.  Or  is 
it  to  be  moved  in  parts — then  the  rivets  are  to  be  cut  and  the  rusty  and 
dirty  structure  separated  and  put  together  again  in  a  new  location. 
We  say  rusty,  for  the  writer  has  not  stated  in  his  estimate  of  cost,  that 
the  iron  is  to  be  painted,  and  without  painting  it  would  hardly  be  good 
at  the  end  of  the  fifty  years  mentioned. 

Judging  from  the  information  given,  the  plan  does  not  seem  to  be 
very  practicable,  and  it  will  probably  be  a  long  time  before  the  alluvions 
of  the  lower  Mississippi  will  be  able  to  meet  a  tax  for  levee  construction 
of  8113  000  per  mile. 

The  writer  expresses  great  confidence  in  the  plan,  and  it  is  to  be 
hoped  that  further  information  and  more  details  will  be  given;  for,  if  the 
construction  will  do  all  that  is  claimed  for  it,  there  is  no  doubt  it  should 
be  employed,  and  that  it  will  work  a  revolution  in  levee  construction  and 
maintenance. 


ON   THE   EFFICIENCY   OF   FUBNACES    BUBNING    WET   FJJEL.* 

Pkof.  Robert  H.  Thurston. — Eef erring  to  the  remarks  of.  Mr. 
Emery,  it  may  be  said  he  is  correct  in  stating  that  the  work  of  Pinch- 
beck, Farey  and  Donkin  preceded,  in  date,  the  experiments  described 
in  the  paper  read. 

The  object  which  was  in  the  latter  case  accomplished,  was  not  at- 
tained by  them,  however.  The  heat  supplied  to  the  steam  and  the  per- 
centage of  priming  could  not  be  determined  with  so  perfect  accuracy  as 
was  considered  advisable  at  the  American  Institute  trials,  in  consequence 
of  the  fact  that  the  heat  carried  away  by  the  condensing  water  did  not 
include  losses  by  conversion  into  mechanical  power,  by  leakage  and  by 
conduction  and  radiation  from  engine  and  steam  connections. 

*  Continued  from  Vol.  Ill,  rjaye336. 
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Where  the  steam  en  route  to  the  condensei  passes  through  a  steam- 
engine,  the  measurement  of  heat  finally  carried  away  by  the  condensing 
water  does  not  give  the  real  value  of  the  steam  generator.  Assuming 
that  the  power,  as  determined  by  the  indicator  cards  is  precisely  ac- 
curate, and  that  the  losses  by  conduction  and  radiation  are  also  deter- 
minable, all  errors  may  be  checked.  This  assumption  would  usually  be 
incorrect. 

Where  a  standard  trial  is  proposed,  the  measurement  of  the  quantity 
of  water  by  a  weir  is  less  satisfactory,  than  by  meters  which  may  be 
readily  tested.  At  the  American  Institute  trials,  the  steam  was  led 
directly  from  the  boiler  to  a  surface  condenser  ;  and  the  objections 
above  referred  to  were  avoided,  and  further,  the  feed-water,  condensing 
water,  and  water  of  condensation  were  all  measured  separately.  A 
study  of  that  report  will  show  not  only  that  the  trial  was  most  satis- 
factory as  permitting  every  possible  and  desirable  precaution  id  >  cur- 
ing accuracy,  but  that  the  system  of  checks  permitted  by  that  system 
renders  it  most  thoroughly  reliable. 

The  method  of  determining  the  performance  of  the  boiler  by  ol  >serva- 
tion  of  the  condenser  of  an  attached  steam-engine  is  an  excellent  one, 
but  the  one  described  in  the  paper  approaches  most  nearly  in  character 
that  demanded  in  scientific  research.  The  writer  thinks  he  is  right  in- 
claiming  that  this  method  was  first  practiced,  as  stated,  in  1871.  The 
cases  referred  to  by  Mr.  Emery  were  well  known  to  engineers  at  an 
earlier  date  ;  his  formula  is  a  very  convenient  one. 

In  reference  to  the  remarks  of  Mr.  Buel,*  the  writer  would  say  that 
the  gentleman  assumes  the  existence  of  causes  of  error  and  the 
probability  of  errors  which  did  not  exist,  or  which  were  anticipated 
and  checked.  The  paper  was  not  intended  to  give  in  detail  all  of  the 
rninuthe  of  the  methods  adopted,  or  checks  which  were  made,  nor  was 
it  presented  as  such  a  piece  of  scientifically  accurate  work  as  the  record 
of  the  steam-boiler  trials  already  referred  to.  As  stated  in  the  paper, 
the  figures  given  are  presented  as  "practically  and  sufficiently  correct.'' 
It  was  not  practicable  in  this  case,  even  had  it  been  thought  necessary, 
to  secure  the  perfection  of  laboratory  work.  That  such  small  erro 
may  have  arisen  either  balanced,  or  were  too  mi: 

tical  results,  is  shown  by  the  coincidence  of  the   results  of   trial   with 
those  obtained  theoretically  (sec  paragraphs  59  and  I 

*  Vol.  Ill,  pa^e  31G. 
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Mr.  Buel's  remarks  on  the  regularity  of  water  supply  indicate  an 
erroneous  assumption  that  a  steam-pump  was  used.  The  pump  was 
a  "plunger  pump,"  driven  by  an  engine  of  good  construction,  con- 
trolled by  an  efficient  regulator.  The  account  was  very  frequently 
checked,  and  there  is  no  likelihood  that  any  appreciable  error  arose 
there  ;  without  doubt  the  log  was  correct. 

The  exception  in  relation  to  temperature  would  be  well  taken,  were 
the  error  of  record  as  assumed.  Xo  correction  for  temperature  is  given, 
as  the  difference  is  checked  by  the  excess  of  delivery  due  to  the  con- 
siderable head  on  the  pump,  and  the  somewhat  greater  delivery  of 
hot  water,  due  to  a  slight  excess  of  speed  over  that  recorded.  The 
tank  used  was  of  wood  and  had  been  used  once  before  tins  trial  : 
its  dimensions  had   been  slit  I  by   swelling.      All  of  these 

ate  differences  not 
quantity  of  water  very 
■  :'<i~>  pound 
accur  ion,   shows 

the  deci  The  quan- 

tities <ni   both  first    estimated,    but 

the  feed  was  properly  tai  rater. 

The  number  of  observations  of  temperature  is  less  than  were  desired, 

but  we  v.rr.'  fortunate  in  being  able  to  get  even  these.  Had  the 
number   been    increased,    a   doubt    would   havi  the]     each 

time  the  metal,  when  removed,  had  attained  the  full  temperature 
of    tlue.       The   (inject    of    making     li  rminations    was   origin- 

ally in  ascertain  whether  any  exceptional  phenomena  could  be  found 
as  a  cause  df  the  exception  ably  high  efficiency  of  the  Thompson  Fur- 
nace, rather  than  in  a  scientifically  accurate  research  to  make  use  (if 
such  determinations  of  values.  '1  he  theory  of  the  furnace  was  taken 
up  as  an  after-thought,  and  some  time  after  the  Lent. 

The   v  fuel  is   not,  it  is  thought,   at  all   doubtful.     In  both 

.  the  tan  bark  was  ground  and  the  Leaches  rilled  similarly,  and  the 

bark  leached   in  the  same  manner.       The  weight  of   wood  per  unit  of 

voluni  :  could  hardly  be;  more  exactly  equalized  than  by  this 

was  simply  in  the  amount  of  water  held  by 
the  tan  ••  in  soak."' 

It  was  not  expected  that  any  one  who  had  seen  wet  tan  burned  would 
i hi   whether  samples  collected   in   fruit-jars  were    likely   to  fairly 


91 

represent  the  quality  of  the  fuel.  There  were  no  "few  drops  of  water'7 
which  could  accidentally  find  their  way  into  each  jar.  The  fuel  itself  in 
each  case  was  very  uniform  in  quality  throughout.  The  samples  could 
not,  conveniently,  be  so  collected  as  to  introduce  serious  discrepancy, 
were  it  even  attempted,  and  the  weighing  of  the  quantities  taken, — over 
600  grammes, — in  the  laboratory,  where  the  usual  quantities  of  10  or  20 
grammes  are  handled  with  such  minute  accuracy,  could  hardly  have 
given  inaccurate  results. 

The  paper  was  not  presented  as  a  model  report  of  a  model  trial,  but 
simply  as  an  outline  of  one  which  was,  to  some  extent,  impromptu.  It 
was  not  intended  to  take  up  space  with  so  much  of  detail  as  would  be 
necessary  to  show  how  the  writer  satisfied  himself  of  the  substantial 
accuracy  of  the  results  ;  he  was  fortunate  in  securing  enough  to  deter- 
mine the  facts  to  which  attention  is  especially  called.     These  were — 

(1. )  That  wet  fuel  can  be  burned  successfully  and  economically  under 
properly  adjusted  conditions. 

(2.)  That  the  essential  condition  of  success  in  securing  combustion 
is  simply  surrounding  the  fuel  with  highly  heated  non-conducting  walls 
and  fuel  already  burning  and  incandescent  [\  2). 

1 3. )  That  perfect  combustion  alone  will  not  insure  economy  of  fuel 
»68). 

(4)  That  the  immediate  source  of  economy  is  high  temperature  of 
furnace  (?  59). 

(5.)  That  the  economic  efficiency  of  the  furnace  is  directly  propor- 
tional to  the  ratio  of  the  elevation  of  temperature  of  furnace  gases  above 
the  atmospheric  temperature,  to  the  elevation  of  chimney  gas  tempera- 
ture above  the  same  temperature  of  air  (|  59). 

6.  |  That  th'  effect  of  variation  of  heating  surface  within  very  wide 
limits  is  comparatively  small  (\  61). 

That  the  effect  of  such  variation  becomes  less  as  furnace   tem- 
peratures become  higher  (\  61)  ; 

-'.  |  And  also  as  the  air  supply  and  velocity  of  gases  becomes  less 
(S62). 

(9.)  That,    with  low  furnace   temperature,   a  limit   is   soon    reached 
beyond  which  extension  of  heating  surface  is  actually  attended  with 
of  economy 

(10.)  That  a   poor  fu  ■!    may  be  burned  more  efficiently  in   a    good 
c  '  than  :•  good  fuel  in  an  ordinary  furnac  i  (§46-17);  i  n  1 
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(11.)  That  for  the  first  time,  so  far  as  the  writer's  own  knowledge 
extends,  the  theory  of  the  wet  fuel  burning  furnace  has  been  determined 
(I  65). 

It  scarcely  seems  necessary  to  add  to  what  has  been  said  that  nothing- 
indicates  that  the  difference  in  performance  of  these  furnaces  is  due  to 
difference  in  the  degree  of  moisture  of  the  fuel.  The  two  furnaces  were 
charged  with  fuels  which,  when  actually  entering  the  furnace,  wen  prac- 
tically of  the  same  degree  of  moisture. 

The  excess  in  efficiency  of  the  wet  fuel  used  in  these  experiments  over 
that  of  the  wood  in  Prof.  .Johnson's  trials  is  simply  due  to  the  greater 
perfection  of  the  furnace  in  the  former  case;  the  same  principles  of 
furnace  construction,  being  adapted  with  equal  intelligence  to  the  furnace 
for  dry  fuel,  should  give  similarly  improved  results. 

The  writer  does  not  claim  that  this  first  and  comparatively  rough  ex- 
periment should  be  accepted  as  valuable,  in  giving  other  than  approxi- 
mate results.  It  was  and  still  is  hoped  that  an  opportunity  would  offer 
for  a  more  thorough  investigation  with  every  desired  appliance  needed 
to  make  a  truly  scientific  test  and  obtain  very  precise  determina- 
tions. The  subjeel  is  oi  rest  and  practical  importance 
that  it  would  be  unfortunate  were  it  to  remain  so  unfamiliar  to  inquirers 
as  it  now  is. 
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FABRICATION  OF  BETON  BLOCKS  BY  MANUAL  LABOR, 
A  Paper  by  Schuyler  Hamilton,  C.  E.,  Member  of  the  Society. 
Presented  March  15th,  1875. 


Under  the  Department  of  Docks,  New  York  City,  the  writer  has  been 
charged  with  the  superintendence  of  making,  by  manual  labor,  from 
June  11th,  1873,  to  December  31st,  1871,  about  9  293  cubic  yards  of 
beton  blocks. 

In  aU  great  works,  machinery  may  be  economically  introduced  in  such 
fabrication.  Many  cases  may,  however,  arise  in  this  wide-spread  coun- 
try where  the  use  of  beton  blocks  may  be  of  great  value,  and  yet  not 
justify  the  purchase  of  expensive  machinery  and  perhaps  a  payment  for 
transportation  equal  to  the  original  cost  of  the  machinery  itself. 

In  the  writer's  judgment  nothing  can  be  cheaper  or  better  for  abut- 
ments of  bridges,  for  the  bases  of  piers,  and  the  like,  than  beton  blocks; 
that,  in  a  region  where  stone  of  large  size  is  scarce,  or  skiUed  labor 
necessary  to  cut  the  same,  expensive  or  unattainable,  any  Civil  Engineer 
may  supply  its  place  by  beton  blocks  fabricated  by  manual  labor,  these 
details,  from  the  writer's  note-book,  are  submitted. 

1.  Working  Force. — Where  the  sand  was  wheeled,  on  an  average, 
275  feet,  and  the  broken  stone  175  feet,  the  number  of  men  in  the  gang 
was  21,  distributed  as  follows  :  4  mixing  cement  and  sand  in  mortar 
beds  ;  6  mixing  the  mortar  with  broken  stone  on  turning  platform  and 
filling  wheelbarrows  ;  3  wheeling  the  green  mixed  materials  and  dump- 
ing same  into  moulds  ;  1  (2  rammers  and  2  shovelers)  ramming  and  dis- 
tributing green  materials  in  moulds  ;  3  wheeling  broken  stone  to  turning 
platform,  and  1  wheeling  sand  to  mortar  bed. 
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2.  Utensils. — These  were: — a  mortar  bed,  6^X12?  feet,  9  inches  deep, 
made  of  spruce  plank,  9  inches  wide,  2  inches  thick,  and  13  feet  long, 
fastened  together  ;  a  turning  platform,  of  same  material,  13  X  13  feet, 
nailed  to  sleepers,  '.M)  penny  nails  being  used  for  both  ;  2  water  barrels  ; 
one  box,  holding  exactly  a  cubic  yard  ;  2  empty  cement  barrels  and  one 
half  barrel,  to  measure  sand  ;  a  4-gallon  watering-pot,  with  rose  to 
sprinkle  when  necessary  :  a  3-gallon  water  pail  ;  17  shovels  (Ames,  No. 
2)  ;  8  hoes,  the  blades  8f  inches  wide  and  5f  inches  deep,  the  handle--  5 
feet  long  ;  14  ordinary  canal  wheelbarrows  ;  a  small  iron  pinch  bar,  about 
2^  feet  long,  to  open  cement  barrels  with  ;  a  hausing  beetle,  weighing 
about  7  pounds,  to  beat  the  barrels,  that  cement  may  be  readily  dis- 
charged ;  2  rammers,  like  ordinary  paving  rammers,  shod  with  cast-iron, 
and  weighing  each  36  pounds;  and  4  pairs  of  India  rubber  boots,  to 
protect  the  feet  of  men  working  in  moulds  (a  very  essential  precau- 
tion). 

:;.  Matekials. — These  were; — first,  Portland  cement,*  of  two  brands, 
tested  to  withstand  a  tensile  strain  per  square  inch  of  not  less  than  200 
pounds  in  the  case  of  the  first,  and  of  250  pounds  in  the  case  of  the 
second.  The  samples  were  moulded  in  suitable  forms  and  removed  before 
any  contraction  was  exhibited  ;  then  as  soon  as  they  bore  handling,  im- 
mersed in  fresh  water  for  6  days,  and  allowed  to  dry  in  the  air  one  day. 
before  testing.  At  the  same  time  cakes,  3  inches  in  diameter,  about 
inch  thick,  were  made  ;  these  showed  no  cracks  after  being  24  hours  in 
fresh  water,  in  which  they  were  immersed  so  soon  as  setting  allowed  the 
water  to  be  introduced  among  them — that  is, before  they  could  be  handled. 
Second,  sea-shore  sand  from  the  Kills,  on  the  south  side  of  Staten Island, 
sharp,  clean  and  rather  coarse  than  fine;  used  without  washing  or  other 
preparation.  And  third,  broken  stone  of  trap-rock  from  Palisades  on 
the  Hudsou,  broken  by  machine  so  as  to  pass  through  a  ring  2  inches  in 
diameter,  and  with  no  fragments  less  than  \  inch  in  smallest  dimensions. 
Provided  tin'  stone  was  clean,  and  free  from  foreign  matter,  these  par- 
ticulars were  not  strictly  observed.  Fragments  which  would  pass  a  ring 
4  inches  in  diameter  were  no  disadvantage,  while  a  portion  of  the  fine 
fragments  resulting  fr<  >ni  breaking  by  machine,  less  than  i  inch,  were  a 
positive  benefit,  if  uniformly  diffused  through  the  stone  as  it  would  natu- 
rally come  from  the  sifters. 

The  materials  named  were  used  by  the  Department,  where  the  action 
of  sea  water  had  to  be  considered.  In  other  localities  other  classes  of 
materials  will  be  available  to  any  intelligent  engineer. 

*  From  White  Brothers  &  Co.  and  Knight,  Bevens  &  Sturgess. 
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•4.  Formulas. — These  were  :  1  volume  of  cement,  2  of  sand,  and  5  of 
broken  stone;  and  1  volume  of  cement,  2£  of  sand,  and  5£  of  broken 
stone,  the  unit  of  measure  being  a  cement  barrel. 

5.  Mixing. — 2  or  2i  barrels  of  sand  were  evenly  spread  on  the  mortar 
bed,  say  about  3  inches  deep.  The  cement  was  then  uniformly  dis- 
tributed over  the  sand  ;  both  being  dry,  twice  turning  over  with  hoes 
was  usually  sufficient  to  mix  them  ;  if,  however,  the  sand  was  damp,  the 
process  was  continued  until  the  cement  and  sand  were  thoroughly  inter- 
mixed, which  was  strictly  insisted  upon.  From  5  to  7  pails  of  water 
were  then  gradually  added,  say,  on  an  average,  18  gallons  ;  the  least 
water  that  would  yield  a  rather  stiff  but  plastic  mortar  was  found  to  give 
the  best  results.  When  the  materials  were  wet  up,  twice  turning  over 
with  hoes  finished  the  preparation  of  the  mortar. 

In  the  meantime,  the  5  or  5£  barrels  of  broken  stone  were  uniformly 
spread  to  the  depth  of  about  6  inches  on  the  turning  platform,  which 
was  close  in  front  of  the  mortar  bed.  The  mof tar  was  shoveled  evenly 
over  the  layer  of  stone,  which,  if  the  weather  was  very  hot,  had  been 
moderately  sprinkled  and  the  two  were  mixed  by  being  turned  over  with 
shovels,  from  end  to  end  of  platform,  twice,  or  as  often  as  was  necessary 
to  thoroughly  coat  the  broken  stone  with  the  mortar  ;  the  resulting  con- 
crete was  then  shoveled  into  the  wheelbarrows  and  transported  to  the 
moulds.  The  men  who  shoveled  in  the  moulds,  scraped  from  the  barrows 
(turned  sideways  to  discharge  the  loads)  the  adherent  mortar,  and  threw 
the  green  concrete  thus  deposited,  forcibly  against  the  side  of  the  mould, 
so  that  any  excess  of  mortar  .attached  to  the  stone  might  separate  and 
adhere  to  that  side,  thus  giving  the  resulting  block  a  smooth  exterior. 
The  mass  was  then  partially  leveled  and  rammed.  *  When,  from  over- 
ramming,  there  was  forced  above  the  level  of  the  concrete  in  the  moulds 
a  large  quantity  of  water  saturated  with  cement,  several  batches,  made 
as  dry  as  possible,  were  added,  to  partially  absorb  it.  The  ramming 
should,  however,  force  up  from  2  to  3  inches  in  depth  of  this  water. 

6.  The  Platform  was  very  solidly  made  ;  timbers  12  inches  square, 
about  24  feet  long,  and  one  foot  apart,  were  embedded  in  earth  well 
rammed;  their  upper  surfaces  being  carefully  leveled.  On  these  a  floor 
of  2-inch  spruce  plank,  about  4i  inches  wide,  dressed,  tongued 
and  grooved,  was  laid  and  secured  with  30-penny  nails,  but  not  blind- 
nailed,  because  it  being  necessary  to  mortice  the  platform  to  receiyi 
tenons  which  held  in  place  the  sides  of  the  moulds  at  the  bottom,  the 

*  It  is  an  error  to  ram  the  concrete  excessively  ;  a  36-pound  rammer  falling  6  or  8  inches 
by  its  own  weight,  6eemed  to  give  better  results  than  when  an  over-zealous  workman  added 
his  strength  to  the  blow. 
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carpenter's  tools  would  be  dulled  and  broken  by  the  blind  nails,  where 
as  if  the  nails  were  seen  they  could  be  readily  avoided. 

7.  Moulds.  — The  moulds — ranging  fr<  >m  a  capacity  of  one  to  about  28  £ 
cubic  yards,  some  with  perpendicular  sides,  some  with  one  side  in- 
clined to  conform  to  the  bevel  of  the  wall  and  some  with  two  sides  curved 
to  conform  to  the  curve  of  the  arch — were  made  of  2-inch  spruce  plank, 
tongued,  grooved,  and  dressed  to  1?  inches  thickness  by  4 i  inches 
width,  nailed  with  30-penny  nails  to  pine  pieces  5X6  inches  of  suitable 
lengths  and  shapes,  placed  28  inches  apart  and  capped  by  a  pine  plate 
5  X  8  inches,  into  which  the  uprights  were  morticed  ;  when  the  uprights 
were  arranged  to  enter  into  mortices  in  the  platform,  allowance  was 
made  for  a  tenon  of  the  width  of  upright,  lj  inches  thick  and  2;  inches 
long.  Tenons,  however,  were  successfully  dispensed  with,  by  screwing 
strips  to  the  platform  with  |-inch  lag  screws,  thus  saving  the  expense 
of  the  mortices  and  the  incidental  damage  to  the  platform.  The  ends  of 
the  mould  were  dadoed  into  the  side  pieces  and  secured  firmly  with  a 
!-inch  iron  rod  ending  with  a  crank  handle  nut,  to  draw  the  sides  closely 
to  the  end  pieces. 

8.  Lifting. — Most  of  the  blocks  made,  ranged  from  13  to  about  60 
tons  in  weight.  Up  to  35  tons,  2  irons,  of  dimensions  and  shape  as 
shown  in  Fig.  1,  made  from  1  j-inch  rods  anchored  into 
the  blocks,  were  found  to  work  advantageously  ;  they 
cost,  however,  $6.83  per  pair.  A  satisfactory  substitute 
for  them,  where  used  with  proper  judgment,  has  been 
supplied  by  moulding  in  the  blocks,  grooves  or  chan- 
nels for  the  lifting  chains.  Where  the  blocks  are  to  be 
laid  as  in  the  new  pier  (No.  1)  at  the  Battery,  these 
grooves  should  be  placed  at  right  angles  to  the 
longest  dimension  of  the  beds.  Some  of  the 
blocks  for  this  purpose  were  14  feet  high,  10  feet  i 
long  and  5  k  feet  wide.  Owing  to  the  great  additional  expense  in- 
volved in  making  them  and  the  danger  (to  the  steam  derrick  which  was 
employed)  in  lifting  masses  approaching  very  closely  60  tons,  it  was 
decided  to  mould  smaller  masses  of  from  14  to  20  tons.  Blocks  of  con- 
crete as  large  as  are  used  by  the  Depai-trnent  of  Docks  will  not  be 
often  employed  unless  in  somewhat  similar  enterprises  ;  smaller  ones 
often  may  be  substituted  for  cut  stone  with  advantage  and  with  great 
economy. 

Cokes. — To  mould  channels  for  chains  when  lifting-irons  were  dis- 
pensed with,  cores  of  yellow  pine  (Figs.  2  to  5  next  page),  were  made  ; 
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when  placed  in  the  moulds,  they  were  supported  on  tripping  blocks 
of  hard  wood,  1  >(  |  X  14  inches.  The  cores  were  started  by  a  maul 
or  beam  arranged  as  a  battering  ram  ;  the  tripping  blocks  turned  over, 
and  gave  j-inch  fall,  thu?  making  quite  easy  the  extraction,  which 
otherwise  would  have  been  comparatively  difficult.* 

The  beton  made  as  above,  when  a  year  old  and  thoroughly  dried  in  air. 
weighed  per  average  of  10  blocks,  taken  haphazard  from  a  lot  of  80,  each  . 
a  cubic  foot  in  size,  155.7,  say  156  pounds;!  a  cubic  yard  then  may  safely 
be  taken  at  4  200  pounds.  When  immersed  in  water,  so  soon  as  it  could 
lie  handled  safely,  at  15  days  old,  it  yielded  to  a  crushing  force  of  420 
pounds  to  the  square  inch,  or  say  30  tons  to  the  square  foot;  and  under 
the  same  conditions  at  a  year  old,  it  yielded  to  a  crushing  force  of  about 
1  520  pounds  to  the  square  inch,  or  say  110  tons  to  the  square  foot. 
When  dried  in  air,  it  yielded  to  a  crushing  force  of  1  620  pounds  per  square 
inch,  or  say  116  tons  to  the  square  foot.     Beton  made  by  the  same  for- 
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mida  wherein  ;'Lime  of  Teil "  was  substituted  for  Portland  cement, 
after  45  days  immersion,  yielded  to  a  pressure  of  256  pounds  per  square 
inch,  say  18i  tons  per  square  foot  ;  after  a  year's  immersion,  it  yielded 
to  a  pressure  of  1  097  pounds  per  square  inch,  say  79  tons  per  square 
foot;  and  at  a  year  old  in  air,  it  yielded  to  a  pressure  of  1  087  pounds 
per  square  inch,  say  about  78  tons  per  square  foot.  This  last,  though 
an  excellent  article,  was  too  slow  in  attaining  its  ultimate  strength  for 
use  by  the  Department ;  at  the  same  price,  it  is  somewhat  less  expensive 

*  5  moulds  11^  feet  by  10  feet  i\  inches  by  6  feet  by  10  feet;  5  moulds  7  feet  ik  inches  by  6] 
feet  by  6  feet  by  10  feet,  and  5  moulds  6  feet  by  10  feet  by  6  feet,  being  15  in  all,  required  310 
pieces  of  white  pine  5x6  inches  6£  feet  long,  55  pieces  5x8  inches  13  feet  long,  and  650  pieces 
of  spruce,  dressed,  tongued  and  grooved,  ljj  by  4  inches  12  feet  long.  The  cores  required,  of 
yellow  pine  7x14  inches.  15  pieces  6  feet,  and  21  pieces  8  feet  long. 

t  10  blocks  of  Portland  cement  concrete,  each  one  cubic  foot,  weighed  152,  153,  155,  156.5, 
154,  154.5,  156.5,  158,  15S  and  159.5  pounds  respectively;  whence  the  average  is  155.57  pounds. 
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than  Portland  cement.  Blocks  of  it  could  not  be  safely  handled  unless 
at  least  a  month  old,  and  then  the  corners  were  very  liable  to  injury, 
while  blocks  made  with  Portland  cement,  weighing  very  nearly  53£  tons 
(53.46)  when  only  8  days  old,  were  safely  lifted  by  the  derrick.* 

The  making  of  beton  blocks  as  part  of  the  system  for  the  bulkhead  wall 
was,  after  full  consultation  with  Gen.  Q.  A.  Gillmore,  inaugurated  by 
Gen.  George  B.  McClellan.f 

Of  these  concrete  blocks — for  Pier  No.  1  there  were  fabricated  1  7(.»0.6G 
cubic  yards  at  #13.90  per  cubic  yard,  for  Battery  bulkhead  wall  299.66 
cubic  yards  at  #1-1.29  per  cubic  yard,  and  tor  Christopher  street  section 
7  210.57  cubic  yards  at  $12.85  per  cubic  yard. 

The  condensation  of  the  broken  stone  by  ramming  was  about  6  per 
cent,  of  its  measurement  when  loose.  In  a  day  of  8  hours,  each  wheeler 
moved — including  weight  of  the  barrow — about  28  000  pounds  up  an  in- 
cline 48  feet  long  and  6  feet  high  ;  though  not  so  continuous,  the  other 
laborers  must  have  accomplished  about  the  same  amount  of  work. 

A  gang  was  required  to  make  26  batches  (each  batch  consisting  of  a 
barrel  of  cement,  2-J  barrels  of  sand,  and  ~>',  of  broken  stone)  per  day, 
which  was  equal  to  about  \  cubic  yard  per  man.  The  cost  of  materials 
ranged  from  about  $7.88  to  $8.88   per  cubic  yard,  and  of  manual  labor, 

*  The  following  is  the  record  of  tests  made  in  a  hydraulic  press  at  Messrs.  Cornell's  iron 
yard,  New  York,  for  compression  of  beton  blocks  one  foot  cube,  to  determine  the  comparative 
strength  of  Portland  cement  and  Lime  of  Ti-il:  the  concrete  being  1  part  of  cement  or  lime  to 
2  parts  of  sand  and  5  of  broken  stone. 

4  blocks  of  each  were  moulded  April  ICth,  1873,  those  of  cement  were  in  the  moulds  20 
hours,  and  those  of  lime  23  hours;  they  were  then  immersed  in  water  45  days,  and  tested  June 
3d,  yielding  at  pressures  respectively  of: 

40,     34,     22,     25     tons   and 
29,     15,     15,     15    tons  per  square  foot;  being 
555,  472,  305,  347     (mean  419.75)  pounds 
and  402,  208,  208,  208    (mean  256.5)  pounds   per  square  inch.     These   8  blocks 

were  not  allowed  to  dry  after  moulding,  and  were  very  damp  when  tested. 

4  blocks  of  each  were  moulded  May  2d,  1873,  they  were   in   the  moulds  10  days,  and  im- 
mersed in  water  373  days ;  when  tested,  May  22d,  1874,  they  yielded  at  pressures  respectively  of: 
98,      120,       100,      120    tons  and 
80,        80,        86,        70    tons  per  square  foot;  being 
1  362,  1  660,  1  388,  1  660    (mean  1  517)  pounds  and 
1  111,  1  111,  1  194,      971     (mean  1  097)  pounds  per  square  inch. 
3  blocks  of  each  were  moulded  May  12th,  1873,  they  were  in  the  moulds  8  days,  and  ex- 
posed to  the  air  367  days;  when  tested,  May  22d,  1874,  they  yielded  at  pressures  respectively 
of: 

125,      150,        75    tons  and 
84,        80,        70    tons  per  square  foot;  being 
1  736,  2  084,   1  041     (mean  1  620)  pounds,  and 
1  166,  1  111,      984     (mean  1  087)  pounds  per  square  inch. 
The  Portland  cement  in  the  blocks  tested  May  22d,  was  from  White  Brothers  &  Co. 
t  His  ideas  were  very  successfully  carried  out  by  the  superintendent  of  construction;  the 
writer  introduced  nothing  new  as  to  the  mode  of  fabrication. 
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including  carpenters  repairing  moulds,  Arc,  was  nearly  constant,  say  $5 
per  cubic  yard. 

The  tallies  appended  may  be  of  interest  as  showing  how  the  foregoing 
facts  were  arrived  at.  They  refer  entirely  to  Portland  cement  of  the  two 
brands  before  mentioned,   and  to  Lime  of  Teil  from  Ardeche,  France.* 

Experiments  were  made  with  different  brands  of  American  cements, 
and  the  foUowing,  from  a  report  f  on  the  subject  presents  the  results. 
With  a  view  to  economy,  it  was  proposed  to  use,  at  least  for  the  back- 
ing of  the  bulkhead  or  river  waU.  American  cement,  as  a  substitute  for 
the  Portland,  and  30  barrels  of  Eosendale  cement  were  obtained  for  experi- 
ment. May  13th,  1874,  10  test  pieces  were  made  from  this,  which  were  tried 
May  20th,  having  been  24  hours  in  the  moulds,  6  days  in  water,  and  one 
day  in  air  ;  9  of  these  broke  at  a  tensile  strain  of  45  pounds  and  one  at 
56  pounds  per  square  inch.  These  were  moulded  in  vertical  moidds. 
Al  )i  tut  the  same  time,  8  one-foot  cubes  were  carefully  made  with  the  pro- 
portions by  volume  of  1  of  cement,  2  of  sand,  and  5  of  broken  stone. 
In  from  2  to  3  days,  moiilds  may  be  removed  from  beton  similarly 
composed  with  Portland  cement  as  the  matrix,  but  these  continued  so  soft, 
the  moulds  could  not  be  taken  away  until  about  14  days  after  moulding, 
and  then  4  of  the  cubes  feU  quite  to  pieces,  though  perhaps  from  rough 
handling.  The  other  4,  however,  exhibited  many  cracks,  and  otherwise 
seemed  very  unpromising.  Next,  8  more  one-foot  cubes  were  very  care- 
fully moulded  in  wooden  tanks,  which  were  then  filled  with  water,  and 
kept  filled  for  30  days.  The  water  was  then  drawn  off,  and  the  moulds 
removed,  when  the  blocks  exhibited  cracks  and  defects  the  same  as  the 
others.  July  11th,  1874,  6  test  pieces  were  made  of  cement  taken  from 
different  barrels,  as  had  been  done  in  the  preceding  experiments  ;  after 
24  hours  in  the  moidds,  6  days  in  water,  and  1  day  in  air.  these  broke  at 
an  average  tensile  strain  of  about  36  pounds  to  the  square  inch.  These 
test  pieces  were  made  in  horizontal  moulds  ;  8  similar  test  pieces  made 
about  the  same  time,  24  hours  in  the  moulds,  14  days  in  water,  and  2 
days  in  air,  broke  with  a  tensile  strain  of  about  33  pounds  to  the  square 
inch  ;  6  more  made,  left  in  water  21  days,  and  in  air  2  days,  broke  with 
30  pounds  to  the  square  inch. 

Small  cakes  were  made  to  test  the  rapidity  <  >f  setting  properties.  Be- 
fore it  would  bear  \  pound  on  a  wire  i^-inch  square,   one   cake  entirely 

*  Messrs.  L.  &  E.  Parvin  de  Lafarge  a  Viviers. 

t  To  Gen.  Charles  K.  Graham,  Engineer-in-Chief,  Department  of  Docks,  September  2d, 
1874. 


100 

disintegrated,  and  one  partially,  showing  cracks  on  the  surface. 
6  bars,  2  inches  square  and  8  inches  long,  broken  under  the  knife 
edge,  gave  as  a  coefficient  of  rupture  41  j  pounds.  Of  the  cubes  moulded 
and  kept  30  days  in  water,  2  of  the  first  and  one  of  the  latter  (September 
1st,  1874)  were  broken  by  blows  of  the  pick;  whether  the  blows  were  given 
on  the  sides  or  on  the  top,  the  cubes  readily  gave  way  in  laminated 
fragments  which  followed  the  indications  of  weakness  shown  by  the 
cracks  on  the  exterior.  On  the  other  hand,  a  cube  of  Portland  cement, 
about  a  year  old,  was  broken  with  the  greatest  difficulty  after  many  blows, 
completely  turning  the  steel  point  of  the  pick. 

The  following  are  comparative  results  as  to  tensile  strain  per  sqxiare 
inch,  pure  cement  ; — Portland  cement  test  pieces,  202,  292,  248,  329 
pounds,  and  American  cement  test  pieces,  45,  56,  30,  33,  30  pounds. 

For  R  the  coefficient  of  rupture,  (in  equation* — B  =  „  ,  ,3  J  ;  of  Port- 
land cement  bars,  4  gave  468  pounds  and  6  gave  408  pounds;  and  of 
American  cement  bars,  6  gave  41}  pounds. 

A  cubic  foot  of  Rosendale  cement  weighed  62  pounds  and  of  concrete, 
158  pounds,  net.  One  volume  of  American  cement,  1\  of  sand,  and  4  of 
broken  stone,  cost  $3  per  batch,  and  one  volume  of  Portland  cement, 
2-i-  of  sand,  and  5|  of  stone,  cost  $7.20  per  batch.  To  make  a  block 
containing  13.3  cubic  yards  with  American  cement,  28  batches,  would 
cost  say  $84,  while  the  same,  with  Portland  cement,  18  batches,  would 
cost  say  $129.60,  the  difference  being  $45.60. 

The  above  arc  the  results  obtained  after  a  careful  and  conscientious 
examination  of  the  subject,  so  far  as  the  Rosendale  cement  furnished  to 
the  Department  was  concerned.  Different  ban-els  exhibited  different 
characteristics.      Its  want  of  uniformity  or  of  homogeniety  is  its  great 

defect,  f 

*  From  W  =  \  R  —  i  a  in  which  T('=  weight  at  moment  of  rupture,  6  =  breadth  and 

d  =  depth  of  prism,  I  =  distance  between  supports,  and  a  =  weight  of  portion  of  prism  re- 
presented by  I :  \  a  was  so  small  it  was  neglected.  (Gillrnore's  Limes,  Cements  and  Mor- 
tars, page  228,  §  5.".4.) 

t  In  closing,  it  may  be  stated  that,  with  a  view  to  secure  in  all  the  experiments  and  tests 
made,  the  utmost  possible  uniformity  in  preparing  the  cements  for  moTilding,  stripping  the 
moulds  from  the  test  pieces  and  the  treatment  of  the  test  pieces  when  moulded,  the  whole 
was  entrusted  to  a  competent  man,  and  it  is  confidently  asserted  that  all  the  cements  tried 
were  treated  with  the  utmost  care  and  fairness. 
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CVIII. 


THE    DELTA    OF    THE    MISSISSIPPI, 

Considered  in  Relation  to  an  "Open  River  Mouth." 

A  Paper  by  John  G.  Barnabd,  U.  S.  Corps  Eng.,  Honorary 
Member  of  the  Society. 

Presented  March   15th,  1875. 


One  of  the  most  interesting  problems  of  engineering,  as  well  as  one 
of  the  most  important  works  of  internal  improvement  our  government 
has  been  called  upon  to  engage  in,  is  that  of  providing  an  adequate  navi- 
gable outlet  to  the  gulf  from  the  Mississippi  river — an  outlet  for  the 
mightiest  system  of  internal  navigation  and  for  the  commercial  products 
of  the  most  extensive  and  fruitful  valley  of  the  earth. 

It  is  well  known  that  the  mouths  of  the  several  delta  arms,  or  "passes," 
of  the  Mississippi  are  obstructed  by  bars  over  which  15  feet  of  water  is 
rather  more  than  an  average  maximum,  even  for  the  greatest  of  these — 
the  "Southwest." 

A  brief  retrospect  of  the  history  of  the  question  of  augmenting  this 
depth  will  be  quoted.* 

"  The  necessity  and  feasibility  of  deepening  one  or  more  of  the 
passes  of  the  Mississippi  is  not  a  new  subject.  It  is  one  almost  coeval 
with  the  settlement  of  the  country  itself.  Yet  it  is  only  of  late  years  that 
projects  to  accomplish  this  object  have  been  seriously  entertained." 

"  By  reference  to  ancient  charts,  it  would  appear  that  the  North  East 
Pass  for  a  period  of  at  least  70  years,  maintained  a  depth  of  12  feet  on 
its  bar.  This  depth  was  found  more  and  more  inadequate  as  commerce 
rapidly  increased  after  the  transfer  of  the  country  to  the  United  States, 
and  about  the  year  1835  public  attention  was  strongly  attracted  to  the 
necessity  of  increasing  the  depth  in  this  and  other  passes." 

"  With  a  view  to  this  object  a  preliminary  survey  was  made  under  the 
direction  of  Maj.  W.  H.  Chase,  Corps  of  Engineers,  who  based  thereon 
certain  projects  and  estimates  for  increasing  the  depth  of  water  by  clos- 
ing several  of  the  Passes  and  dredging  the  channel  through  the  North 
East  and  South  West  bars." 

*  From  a  document  (dated  1852)  to  be  named  hereafter. 
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"  Congress  appropriated  for  these  objects  the  sum  of  .$250  000;  but  the 
subject  was  deemed  so  important  by  the  War  Department  that  it  was 
referred  to  a  special  board  of  Engineers,  who,  simultaneously  with  the 
experiment  of  dredging,  ordered  a  new  and  very  thorough  survey  of  the 
delta,  with  the  view  of  obtaining  more  extensive  and  accurate  data  on 
which  to  base  a  project,  and  also  to  furnish  a  standard  to  which  engineers 
could  in  future  refer  in  investigating  the  changes  which  are  continuaUy 
taking  place  in  the  channels  and  at  the  mouths  of  the  passes." 

"The  survey"  (since  known  as  Capt.  Talcott's)  "was  executed  with 
all  desirable  precision  and  scientific  skill ;  a  powerful  dredging  boat  and 
tenders  were  procured  and  the  experiment  of  dredging  commenced. 
Unfortunately,  the  survey  and  building  of  dredging  machinery  nearly 
exhausted  the  sum  appropriated,  and  Congress  having  failed  to  make  fur- 
ther appropriations,  the  experiment  was  necessarily  abandoned  before  it 
had  progressed  sufficiently  to  test  its  efficacy.  Thus  the  operations  of 
this  period  failed  to  cast  any  light  upon  the  important  question  now  be- 
fore the  Board,  viz. :  '  what  is  the  proper  method  of  securing  a  depth  of 
water  over  the  bars  adequate  to  the  wants  of  commerce. '  ' 

"  As  the  North  East  Pass  became  more  and  more  innavigable,  it  was 
found  that  the  South  West,  which  had  heretofore  been  little  used,  an- 
swered sufficiently  well  the  existing  wants,  and  it  has  continued  to  answer 
them,  without  material  inconvenience,  till  a  recent  date." 

' '  During  the  past  year,  however,  public  attention  has  again  been  at- 
tracted to  this  subject.  Vessels  carrying  large  and  valuable  cargoes  have 
been  detained  for  weeks  and  even  months  on  the  bar,  and  it  has  been 
stated  that  the  South  West  Pass  has,  in  its  turn,  commenced  shoaling 
while  the  Pass  a"  Loutre  has  commenced  deepening." 

"  The  Board  does  not  find  evidence  to  confirm  the  opinion  that  any 
deterioration  has  taken  place  at  the  South  West  bar.     *     *     * 

"  But  the  Board,  though  having  little  fear  of  a  sensible  or  rapid  de- 
terioration of  this  pass,  is  nevertheless  of  opinion  that  it  is  not  ade- 
quate to  the  existing  and  prospective  wants  of  commerce,  and  it  is  this 
inadequacy  and  not  its  deterioration  which  has  now  made  it  necessary  to 
look  for  some  efficient  means  of  deepening  this  or  other  passes." 

The  facts  recorded  in  the  above  quotation  had  caused  an  appropria- 
tion to  be  made  by  Congress  in  the  year  1852,  in  words  as  follows:  "for 
opening  a  ship  channel  of  sufficient  capacity  to  accommodate  the  wants 
of  commerce,  through  the  most  convenient  pass  leading  from  the  Mis- 
sissippi river  into  the  Gulf  of  Mexico,  seventy-five  thousand  dollars. 
And  it  shall  be  the  duty  of  the  Secretary  of  War  to  apply  said  moneys  to 
the  opening  of  said  channel  by  contract,  and  at  an  early  day  in  the  next 
session  of  Congress  to  report  the  progress  of  the  work,  the  amount  neces- 
sary to  complete  it  and  an  estimate  of  the  annual  cost  of  keeping  said 
channel  open,  and  any  contract  made  shall  be  limited  to  the  amount 
hereby  appropriated." 
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To  carry  into  effect  the  above,  a  board  was  organized  consisting  of 
one  naval  officer,  the  late  Com.  W.  K.  Latimer,  and  three  engineer  of- 
ficers, viz.,  Maj.  TV.  H.  Chase,  (since  deceased.)  Maj.  J.  G.  Barnard,  and 
Maj.  G.  T.  Beauregard.  Com.  Latimer,  (at  that  time  in  command  of 
the  Navy  Yard,  Pensacola,)  had  been  long  on  duty  in  the  gulf  waters, 
and  was  familiar  with  the  Mississippi.  Maj.  Chase  had  served  since  1820 
iu  this  region,  commencing  at  that  date  the  very  first  work,  (Fort  Pike,) 
of  the  modern,  or  third  system  of  sea-coast  defenses,  which  was  located 
in  the  marshes  of  Louisiana. 

It  is  scarcely  necessary  to  say,  that  to  engineers  of  Louisiana,  the 
Mississippi  river — its  floods,  its  mouths,  its  levees,  its  crevasses,  its  en- 
croachments, &c,  are  an  ever-present  theme,  and  Maj.  Chase,  as  we  have 
seen,  not  only  directed  the  first  government  surveys,  but  was  the  author 
of  "'  projects  and  estimates"  for  increasing  the  depth  of  water  on  the  bars. 
He  was,  more  notably,  the  author  of  the  first  actual  plan*  f or  a  "ship 
canal,"  though  not  the  first  to  propose  one. 

Maj.  Beauregard  ami  the  writer  (the  former  a  native  of  Louisiana 
had  both  been  stationed  iu  New  <  Orleans,  in  charge  of  fortifications  of  the 
river  and  other  navigable  approaches.  Both  had  had  extensive  experience 
in  construction  on  tin'  peculiar  soil  of  Louisiana  and  of  excavation  tin  re- 
in ;  indeed  their  experience  had  in  part  been,  (at  Ports  Jackson  and  St. 
Philip,)  in  the  very  locality  where  the  proposed  ship  canal  was  designed 
to  be. 

The  officers  of  1852  were  selected,  therefore,  for  their  supposed  fami- 
liarity with  the  peculiar  problems  of  hydraulic  engineering  which  char- 
acterize the  Mississippi.  In  entering  upon  the  duty  assigned  them,  they 
did  not  find  themselves  confronted  with  a  novel  —even  though  it  were  a 
difficult — problem.  They  spent  several  weeks  on  the  spot  in  execution 
of  their  task,  eight  days  of  which  were  devoted  to  personal  examinations 
of  the  bars,  occupying  themselves  mainly  with  •■studying  the  changes 
which  had  taken  place  between  the  survey  of  Talcott  and  the  more  recent 
one  of  Capt.  Sands  ;  the  nature  of  the  formations  exhibited  ;  the  charac- 
ter of  the  bottom,  particularly  of  the  South  West  Pass  and  Pass  a  Loutre, 
and  the  general  slope  of  the  bottom  of  the  gulf  seaward  for  several  miles 
from  the  Passes. " 

It  would  be  foreign  to  the  scope  of  this  paper  to  follow  further  the 
report  of  the  Board  of  1852  ;f  it  enumerates  as  the  eligible  methods  of 

*  This  plan  which  is  elsewhere  alluded  to  by  the  writer  as  "  boldly,  ably  yet  so  imper- 
fectly sketched  out,"  is  certainly  superior  to  any  subsequently  made,  till  the  Board  of  1874 
presented  what  may  be  called  a  thorough  solution  of  the  canal  problem. 

t  Drawn  up  by  the  present  writer,  and  from  which  a  quotation  has  already  been  made. 
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proceeding  :  "  1st.  Stirring  up  the  mud  at  the  bottom  by  suitable  ma- 
chinery, throwing  it  into  the  current  whereby  it  is  to  be  swept  off.  2d. 
Dredging.  3d.  Jetties  projected  from  the  shores  to  contract  the  current 
over  the  bar.      4th.   Closing  the  useless  passes. " 

But  the  members  of  the  Board  were  limited  by  their  instructions  to 
devise,  if  possible,  a  work  which  could  be  executed — without  reference 
to  other  appropriations — for  the  small  sum  of  875  000. 

No  other  plan  suggested  itself  to  the  Board  by  which  this  sum  coidd 
be  appHed  with  hope  of  obtaining  any  important  result  than  that  of  ' '  stir- 
ring up  "  the  bottom,  and  upon  its  recommendation  a  contract  was  entered 
into  with  the  Tow-boat  Association,  by  which  a  channel  through  the  bar 
at  South  West  Pass,  18  feet  deep  and  300  feet  wide,  was  to  be  made.  The 
execution  of  this  contract  was  the  very  first  successful  application  of  any 
artificial  means  to  deepening  the  channels  over  the  bars,  and  it  demon- 
strated the  efficiency  of  dredging  by  that  method. 

But  the  Board  could  not  of  course  be  certain  of  success  by  this  means. 
It  further  recommended  :  ,;  in  case  the  Tow-boat  Association  fails  to 
perform  the  contract,  and  it  should  not  be  thought  expedient  to  resort 
to  dredging,  the  above  sum,  together  with  the  available  existing  appro- 
priation, should  be  applied  to  the  construction  of  jetties ;  as  the  Secretary 
of  War  may  direct." 

"  The  project  of  jetties  is  based  upon  the  simple  fact  that  by  confining 
the  water  which  now  escapes  uselessly  in  lateral  directions,  to  a  narrow 
channel  over  (he  bar,  the  depth  of  this  narrow  channel  must  be  increased  ; 
in  other  words,  the  existing  bar  must  be  cut  away."     *     *     * 

1 '  The  rate  of  annual  expenditure  for  extension  of  these  jetties  the  Board 
is  iinable  to  estimate.  The  Board  recommends  the  trial  of  the  project, 
in  case  all  efforts  of  stirring  up  the  bottom,  or  dredging,  fail." 

The  Board  of  1852  is,  therefore,  not  only  the  inaugurator  of  the 
first  successftd  application  of  artificial  means  to  deepening  the  channels 
over  the  bars  ;  but  it  was  the  first  to  give  official  sanction  and  recommen- 
dation to  the  project  of  jetties  for  the  deepening  of  the  outlets  of  one  or 
more  of  the  passes.  But  though  this  may  be  the  first  formal  expression, 
it  was  even  then  by  no  means  a  new  or  unfamiliar  project.  One  of  the 
members,  (Maj.  Beauregard,)  had  some  years  before,  somewhat  warmly 
espoused  their  trial. 

After  the  appropriation  of  1852  (by  which  a  channel  300  feet  wide  and 
18  feet  deep  was  opened  by  the  Tow-boat  Association)  no  further  appropri- 
ation was  made  till  1856,  at  which  time,  of  course,  that  channel  had  be- 
come obliterated.      In  that  year  an  appropriation  of  £330  000  was  mail 
"for  opening  and  keeping  open  ship  channels  of  sufficient  capacity  i<> 
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accommodate  the  wants  of  commerce  through  the  South  West  Pass,  Pass 
&  Loutre,"  &c,  &c.  It  being  further  provided  that  the  work  should  be 
done  by  contract,  proposals  were  advertised  for,  which  were  submitted 
to  a  board  consisting  of  the  late  Maj's  Chase  and  Bowman  and  the  (now) 
Gen's  Humphreys  and  Wright. 

This  Board  recommended  the  acceptance  of  the  bid  of  the  New 
Orleans  Tow-boat  Association  for  deepening  a  channel  300  feet  wide 
through  the  South  West  Pass  to  18  feet  depth  for  8125  000,  ami  for 
keeping  the  same  open  at  the  rate  of  $75  000  per  annum  ;  that  the  bid  of 
Messrs.  Craig  and  Rightor  be  accepted  for  opening  the  Pass  a*  Loutre  chan- 
nel for  8125  000,  and  for  keeping  the  same  open  for  Jive  years  for  $40  000 
(i.  e.  $8  000  per  annum).     With  respect  to  this  bid  the  Board  remarks  : 

"The  Board  have  great  doubts  of  the  practicability  and  efficiency  of 
this  mode — of  the  practicability  of  construction  and  of  efficiency,  should 
the  work  be  accomplished.  But  an  important  ]  >i  >int  will  have  been  ascer- 
tained either  by  its  failure  or  success.  If  failure  is  exhibited,  future  pro- 
jects on  this  score  woidd  at  once  be  rejected.  If  success  is  exhibited 
two  reliable  modes  for  future  improvement  will  have  been  obtained  ;  the 
one  by  dredging,  scraping  and  raking,  and  the  other  by  closing  passes 
and  increasing  current,  or  by  jetties  ;  and  one  or  the  other,  or  both, 
maintained  as  the  value  of  their  several  results  may  be  determined." 

The  Secretary  of  War  (Mr.  Davis)  decided  that  the  bids  of  Craig  and 
Rightor  should  be  accepted  for  both  of  the  passes,  and  a  contract  was  ac- 
cordingly made,  (November  13th,  1856,)  in  which  "the  said  Craig  and 
Rightor  contract  to  open, through  the  entire  length  of  the  bar  or  shoal  at 
or  near  that  outlet  of  the  month  of  the  Mississippi  river  into  the  Gulf  of 
Mexico,  known  as  the  Pass  a  Loutre,  a  straight  ship  channel,  having  a 
well  defined  width  throughout  its  whole  extent  of  not  less  than  300 
feet,  and  a  depth  of  not  less  than  20  feet  below  the  level  of  ordinary  low 
water."     *     *     * 

"  It  is  understood  that  the  means  by  which  the  said  Craig  and  Rightor 
propose  to  accomplish  the  work  are  by  stopping  the  minor  passes  or  out- 
lets of  the  river,  and,  if  necessary,  by  constructing  jetties  on  or  near 
said  bar,  adopting  one  or  either  or  both  of  these  alternatives,  as  may 
be  found  expedient,  substantially  after  the  manner  explained  and  set 
forth  in  their  proposals  submitted  to  the  Engineer  Department. " 

Inasmuch  as  nothing  was  actually  done  by  them  in  the  way  of  "stop- 
ping the  minor  passes  or  outlets,"  and  as  the  work  of  constructing  a 
jetty  by  a  patent  sheet-pile  construction  (an  invention  of  Craig  and 
Rightor)  was.  at  first,  exclusively  resorted  to,  it  is  to  be  inferred  that  the 
jetty  system  was  the  essential  part  of  Messrs.  Craig  and  Rightor's  under- 
taking. The  late  Col.  S.  H.  Long,  U.  S.  Engineers,  thus  reports  thereon 
April  6th,  L857  : 
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"The  operations  of  Messrs.  Craig  and  Rightor  have  hitherto  been 
confined  to  the  Southwest  Pass.  I  visited  their  -work  on  the  27th  ult., 
and  had  the  satisfaction  to  find  that  they  had  formed  a  line  of  piles,  in  a 
direction  obliquely  downward  towards  the  deepest  channel  across  the 
tidal  bar,  1  064  feet  long,  the  depth  of  water  along  the  line  varying  from 

4  to  8  feet.  The  line  consists  of  a  series  of  posts  or  piles,  about  one  foot 
square,  driven  vertically  into  the  bottom  to  the  depth  of  about  25  feet 
below  its  surface,  and  at  the  distance  of  15  feet  apart.  Longitudinal 
strings  or  streamers,  4  by  8  inches  and  30  feet  long,  are  spiked  to  the 
upper  sides  of  these  posts  a  little  above  the  surface  of  the  water.  The 
strings  serve  as  guides  to  the  plank  piling,  which  is  composed  of  planks 

5  inches  thick  at  top  and  2£  inches  thick  at  bottom,  rebated  in  the  man- 
ner specified  in  the  patent." 

"  The  plank  piles  van*  in  width  from  12  to  20  inches,  are  driven  10  to 
15  feet  into  the  ground,  and  fastened  by  iron  spikes  to  the  upper  sides  of 
the  streamers.  The  spikes  employed  for  the  fastenings  are  about  half 
an  inch  square  and  9  inches  long,  and  the  timber  of  the  structure  con- 
sists of  yellow  pine  and  cypress.  The  line  thus  formed  presents  a  sub- 
stantial and  well  built  structure,  is  able  to  withstand  a  current  of  about  two 
miles  per  hour,  and  is  quite  impervious  to  water.  On  the  upper  side  of 
the  line,  the  depth  of  the  water  remains  as  it  was  before  the  piles  were 
driven,  while  on  the  lower  side,  sedimentary  deposits  have  been  made  to 
the  depth  of  3  or  4  inches,  the  water  on  this  side  having  become  nearly 
or  quite  stagnant." 

"Since  the  date  of  the  inspection,  as  above,  I  have  been  informed 
that  the  line  has  been  prolonged  more  than  500  feet,  making  the  entire 
length  of  the  line  about  1  600  feet.  The  daily  progress  in  extending  the 
line,  the  requisite  materials  being  at  hand,  and  the  weather  favorable,  is 
about  150  feet." 

On  December  31st,  1857,  Col.  Long  reported  that  the  "pile-dam" 
had  a  length  of  5  733  feet. 

"At  the  upper  or  northerly  extremity  of  the  dam  the  water  does  not 
exceed  3  feet  in  depth,  and  as  we  descend  along  the  line  of  the  dam 
the  depth  gradually  increases  to  about  12  feet,  which  is  the  depth  at  the 
lower  end  of  the  dam." 

"  Through  a  distance  of  about  1  500  feet,  on  the  upper  portion  of  the 
dam,  indurated  beds  of  sand  and  clay  occurred  at  the  depth  of  6  to 
8  feet  below  the  water  surface.  On  being  penetrated  by  the  piles,  these 
beds  thus  disturbed  resolve  themselves  into  a  sort  of  quicksand,  too 
yielding  to  afford  the  requisite  stability  to  the  piles.  In  consequence, 
and  on  the  occurrence  of  protracted  boisterous  weather,  soon  after  this 
portion  of  the  dam  was  built,  the  line  of  piles  was  ruptured  in  many 
places,  and  in  some  instances  thorough  breaches  of  greater  or  less  extent 
were  found  in  it." 

"The  residue  of  the  dam  being  strongly  fortified  by  substantial 
square  piles  driven  on  both  sides  of  the  plank  piling,  and  at  intervals  of 
only  4  or  5  feet   asunder,  successfully  withstood  the  bufferings  of  the 
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storms  and  the  surf  produced  thereby,  and  still  remains  erect  and 
stable."     *     *     * 

"The  materials  used  in  the  formation  of  the  dam,  exclusive  of  a  large 
quantity  driven  away  and  lost  in  storms,  amount  to  about  2  000  000 
superficial  feet  of  yellow  pine  and  cypress  timber,  and  5  tons  of  iron  in 
bolts  and  spikes."  (The  accompanying  sketch  shows  the  extent  and  posi- 
tion of  this  pile-dam.) 

A  report,  dated  December  10th,  1857,  to  Col.  Long  of  Mr.  Win. 
Johnson,  supervisor  (Tinder  the  former)  of  the  work,  gives  some  interest- 
ing particulars. 

"  The  contractors  have  been  much  troubled  in  driving  any  per- 
manent work  at  the  north  or  upper  end  of  the  dam.  For  about  1  500  feet 
from  the  marsh,  the  bottom  is  composed  of  yellow  sand  indurated  with 
clay,  and  in  some  spots,  of  sand  alone.  The  driving  of  the  piles  in  these 
places  is  a  matter  of  great  difficulty,  and  when  driven  they  have  a  tend- 
ency to  work  up  and  out  of  place,  and  upon  the  smallest  aperture  or 
opening  being  developed,  the  current  immediately  commences  to  wash 
away  the  surrounding  sand,  and  in  an  incredibly  short  space  of  time  it 
will  excavate  below  the  bottom  of  the  piles  in  the  immediate  vicinity  of 
the  old  cranny,  and  the  work  thus  affected  will,  during  the  first  gale 
thereafter,  wasli  up  and  be  drifted  out  to  sea." 

"In  this  section  of  the  work  I  have  known  the  current  at  one  of  these 
apertures  to  excavate  from  2  to  16  feet  in  48  hours." 

"Several  breaches  of  this  character  have  occurred  during  the  last  six 
months — have  been  as  often  repaired,  and  in  spite  of  every  precaution  still 
continue  to  break  out  anew.  With  the  exception  of  this  division  of  the 
line,  the  balance  of  the  dam,  over  4  000  feet  (the  whole  length  of  the  dam 
being  5  715:5  feet)  is  driven  in  a  blue  clay  bottom,  with  a  depth  of  from  7 
to  15  feet,  below  which  an  indurated  bed  of  white  sand  is  found,  with 
an  average  thickness  of  some  10  feet,  below  which  again  lies  a  stratum  of 
yellow  clay  to  an  indefinite  depth.  The  work  driven  in  this  bottom  is  now 
standing  in  perfect  order  ;  has  remained  so  since  the  date  of  its  construc- 
tion ;  is  unshaken,  and,  in  my  opinion,  is  unshakable,  except  by  the 
power  of  some  irresistible  tornado,  or  the  more  insidious  effect  of  the 
Gulf  worm.  I  am  happy  to  inform  you,  however,  that  I  have  in  vain 
sought  for  some  trace  of  this  animal  in  wood  planted  in  the  water  last 
February,  and  which  has  been  submerged  ever  since  up  to  this  date." 

A  year  later  (December  22d,  1858),  Mr.  C.  A.  Fuller,  who  had  suc- 
ceeded Mr.  Johnson  as  supervisor,  reports  : 

"  Since  that  date  (May  28th)  a  portion  of  the  pile-dam  near  its  upper 
end  has  been  swept  away,  leaving  a  clear  and  continuous  breach  of  about 
900  feet  in  length.  The  remaining  portion  of  the  dam,  with  the  excep- 
tion oi'  several  breaches  which  are  not  of  recent  formation,  appeared  to 
stan  1  well.    In  examining  this  dam  in  a  light  skiff  I  was  obliged  to  keep 
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on  its  channel  side,  there  being  Irat  a  few  inches  of  water  on  its  easterly- 
side,  the  sand  being  compact  and  hard  against  the  dam." 

It  should  be  remembered  that  a  year  previous  to  this  last  date,  i.  e. , 
in  December,  1857,  when  the  pile-dam  had  attained  the  length  of  5  733 
feet,  the  contractors  found  their  resources  exhausted  (they  had  made, 
according  to  their  own  statement,  an  actual  expenditure  of  $GG  079.27) 
and  were  constrained  to  apply  to  the  Government  for  relief.  It  was 
finally  granted,  though  not  exactly  in  the  form  they  asked.  They  ob- 
tained an  extension  of  time  for  completion  of  their  contract  to  July  1st, 
1858,  and,  what  was  more  important,  a  relaxation  in  regard  to  the  depth 
prescribed,  by  which  18  feet  depth  was  substituted  instead  of  the  20  feet 
originally  contracted  for. 

The  contractors  then  abandoned  their  jetty  construction  and  resorted 
to  "harrowing,"  "scraping"  and  "blasting  with  gunpowder;"  the 
latter  agent  applied  principally  to  the  "  mud-lumps"  at  Pass  a"  Loutre.' 

On  May  29th,  1858,  Col.  Long  reported,  after  personal  inspection  and 
soundings,  that  a  channel  300  feet  wide  with  depth  from  18  to  22  feet, 
existed  at  the  South  West  Pass  ;  and  on  September  23d  he  reported,  from 
his  own  personal  examinations,  a  channel  opened  at  Pass  a  Loutre  with 
an  average  depth  considerably  more  than  18  feet,  and,  at  its  narrowest 
part,  325  feet  wide  ;*  and  hence,  in  accordance  with  the  stipulations  of 
the  modified  contract  in  so  far  as  they  relate  to  the  "  opening  of  these 
channels,"  the  compensation  to  be  made  for  the  opening  thereof  ($125- 
000  for  each)  "  is  now  payable  to  the  contractors."  It  was  accordingly 
paid. 

The  foregoing  particularsf  are  given  in  relation  to  these  contracts 
with  Craig  and  Bightor,  because,  involving  nominally  the  use  of  jetties, 
it  has  been  inferred  on  the  one  hand  that  the  jetty  system  failed  ;  on  the 
other  that  the  attempted  jetties  were  of  such  frail  construction  as  to  be 

*  The  engineer  officer  now  in  charge  of  the  dredging  of  the  delta  mouths  having  in  his 
recent  annual  report  (1874)  stated  (see  Ex.  Doc.  1,  43d  Cong.,  2d  Session)  that  he  "  has  satisfied 
himself  that  the  depths  and  widths  of  channels  reported  in  1853,  1857,  1858,  1859,  1860,  have 
been  erroneously  reported, "it  is  proper  to  remark  that  the  only  cases  in  which  specific  widths  as- 
well  as  depths  were  reported  were  those  of  1853  and  1858,  when,  under  contracts  for  specified 
widths  and  depths,  large  sums  of  money  were  to  be  paid  and,  on  the  certificate  of  the  U.  S.  engi- 
neer officer,  were  paid.  These  cases  were  as  follows  :  in  1853,  $75  000  ;  in  1858,  $125  000  for 
(severally)  the  S.  W.  Pass  and  Pass  a  Loutre  channels,  or  $250  000  in  all.  The  official  records 
of  Col.  Long's  inspections  and  reports  have  been  published  in  Ex.  Doc,  H.  R.  No.  5,  30th 
Cong.,  2d  Session.  Gen.  Beauregard,  who  was  the  engineer  officer  in  charge  of  the  execu- 
tion of  the  first  contract  (that  of  1853)  has  seen  proper  to  publish  an  answer  to  so  much  of  the 
so-called  "expose"  as  concerned  himself. 

t  At  the  Pass  a  Loutre,  about  1  000  feet  of  "  pile-dams"  were  made  by  Craig  and  Rightor, 
before  they  resorted  to  other  methods. 
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quite  incapable  of  endurance.  Slight  as  the  construction  was,  it  has 
been  shown  by  what  precedes,  that  most  of  it  stood  firmly  during  a  whole 
year  ;  but  what  is  more  noteworthy,  and  what  till  recently  was  not  gen- 
erally known  is,  that  though  now  very  much  worm-eaten  it  has  endured 
to  the  present  time. 

To  have  carried  out  the  jetty  system  in  its  application  to  this  pass  (the 
South  West)  required  at  lowest  computation  that  this  commenced  ' '  pile- 
dam  "  should  have  been  extended  beyond  the  bar  crest  [i.  e.,  about  3 
miles  further),  and  that  another,  starting  from  the  opposite  shore,  should 
converge  towards  this  one. 

It  may  very  well  be  doubted  whether  this  "pile-dam."  construction 
would  have  stood  in  depth  very  much  greater  (12  feet)  than  that  where  the 
incomplete  work  terminated.  It  has  demonstrated,  nevertheless,  that 
the  shoals  extending  from  the  extreme  points  of  unsubmerged  land  to- 
wards the  bar  channel  have  adequate  compactness  and  tenacity  to  support 
weU  adapted  engineering  works. 

A  few  words  must  finish  this  retrospect.  If  the  contractors  (Craig 
and  lii^hton  abandoned  the  jetty  system,  the  cause  is  obvious.  Their 
own  funds  had  given  out  and  the  amount  of  compensation  ($125  000) 
they  were  ultimately  to  receive  was  utterly  inadequate  for  a  proper  ap- 
plication of  that  system.  But  the  terms  of  their  contracts  required  only 
that,  at  a  certain  date,  they  should  exhibit  a  certain  depth  (and  width)  of 
channel  To  exhibit  such  a  result  they  then  resorted  to  the  temporary 
expedients  of  scraping  &c.  the  bar  surface,  and  by  so  doing  arrived  at 
the  result  desiderated. 

But  their  contracts  further  provided  that  they  should  maintain  the 
prescribed  depths  for  a  period  of  five  years  for  $40  000,  i.  e.,  $8,000  per 
annum.  Had  they  effected  the  increased  depth  by  jetties,  as  they  origin- 
ally intended,  they  doubtless  believed  that  the  maintenance  for  five  years 
would  not  be  costly.  But  it  was  clear  enough  that  a  dredged  channel 
could  only  be  maintained  by  incessant  dredging,  for  which  the  Tow-boat 
Association,  which  had  already  had  experience  in  this  matter,  demanded 
in  their  competing  bids,  $75  000  per  annum.  Craig  and  Bightor,  after 
making  a  futile  petition  that  the  compensation  be  increased  to  the  modest 
sum  of  $17  000  per  annum,  abandoned  the  work,  and  the  channels  which 
they  had  made  gradually  filled  up. 

There  still  remained  an  unexpended  balance  of  the  appropriation  of 
1S56,  of  over  8ol)  000.  An  abortive  contract  for  reopening  the  South 
West  Pass  channel  was,  in  1859,  entered  into  and  canceled,  and  then 
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Col.  Long,  hiring  by  contract  a  suitable  steamboat,  with  scraping  appa- 
ratus, undertook  the  operation  himself  ;  Mr.  C.  A.  Fuller,  (a  graduate  of 
the  Military  Academy,  for  many  years  an  assistant  engineer  to  Col. 
Long)  being  in  immediate  charge.  A  channel  18  feet  deep  was,  through 
parts  of  the  years  1859  and  1860,  maintained  ;  the  •width  is  not  stated, 
but  according  to  Mr.  Fuller,  it  never  was  so  great  as  300  feet.  The  civil 
war  interrupted  operations  for  the  time. 

Subsequently,  the  government  resumed  the  work,  and  a  boat  (the 
••  Essayons")  for  dredging,  or  rather  for  "  stirring  up"  the  bottom,  de- 
signed by  the  late  Major  McAlester,  U.  S.  Engineers,  was  constructed  at 
Boston  under  his  supervision.  The  stirring  instrument  consisted  of  pro- 
peller blades- extending  below  the  keel.  This  machinery,  improved  by 
Maj.  Howell,  by  the  addition  of  the  "deflector,"  which  more  effect- 
ually directs  the  stirred-up  material  into  the  upper  currents,  has  since 
been  in  operation. 

It  is  stated  by  Maj.  Howell,  in  an  official  letter  to  the  President  of 
the  first  ship-canal  Board  (of  1873),  that  with  full  control  over  the  use  of 
the  channel  and  two  dredge-boats,  a  channel  may  be  made  and  maintained 
with  20  feet  depth,  at  a  cost  of  $150  000  per  annum  running  expenses, 
and  850  000  per  annum  for  wear  and  tear  ;  and  this  is  reiterated  in  his 
annual  report  for  1873.  His  report  for  1S71  does  not  sustain  these  as- 
sertions. * 

A  wide  "open  mouth" — not  a  mere  sub-aqueous  "ditch"  of  un- 
certain depth  and  an  irremediable  narrowness  of  less  than  "300  feet 
width" — is  evidently  the  kind  of  navigable  outlet  the  great  river  needs. 

To  furnish  an  outlet  which  should  evade  the  bar  obstructions  of  the 
mouths,  a  "ship-canal"  had  long  before  been  proposed;  first  in  1832, 
by  Mr.  Benj.  Buisson,  State  Surveyor  ;  and  again,  in  1838,  by  Maj.  TV. 
H.  Chase,  U.  S.  Engineers;  and  the  project  was  referred  to  by  the  Board 
of  1852,  as  one  to  "fall  back  on"  in  case  of  failure  of  all  efforts  to 
procure  an  open  mouth  ;  thus  placing  it  in  its  rightful  category  of  a 
dernier  resort.  This  project  was  revived  by  the  following  resolution  of 
Congress,  passed  March  14th,  1871. 


*  Maj.  Howell,  in  his  last  annual  report,  states  that  his  former  reports  "  do  not  show  the 
maintenance  throughout  any  one  year  of  a  channel  18  feet  deep  and  300  feet  wide."  They  cer- 
tainly affirm  that  "  natural  causes  effecting  a  blockade  of  the  mouth  of  the  Mississippi  have 
been  overcome  by  the  system  of  dredging  adopted,  so  far  as  regards  obtaining  a  20-feet 
channel  across  the  bar  of  the  South  West  Pass,  is  evidenced  by  my  reports."  "  300  feet  width  " 
may  be  a  desirable  width;  but  when  a  "  20-feet  channel  across  the  bar  of  the  South  West  Pass  " 
is  spoken  of,  a  channel  of  sufficient  width  for  the  purposes  of  navigation  is  necessarily  sup- 
posed, whether  300  feet  wide  or  not. 
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"  Resolved:  that  the  Secretary  of  War  be,  and  is  hereby  requested  to 
cause  an  examination  and  survey,  with  plans  and  estimates  of  cost,  to  be 
made  by  an  officer  of  Engineers,  for  a  ship-canal  to  connect  the  Missis- 
sippi River  with  the  Gulf  of  Mexico,  or  the  navigable  waters  thereof,  of 
suitable  location  and  dimensions  for  military,  naval  and  commercial 
purposes,  and  that  he  report  upon  the  feasibility  of  the  same  to  the 
House  of  Representatives." 

In  the  summer  of  1873,  a  Board  of  Engineers,  of  which  the  writer  was 
President,  was  convened  "  to  consider  and  report  upon"  a  plan  which 
had  been  in  the  mean  time  prepared  in  fulfillment  of  the  above.  The 
question  submitted  to  the  board  was  widened  by  the  request  of  the  Chief 
of  Engineers,  at  the  suggestion  of  the  President,  to  consider  "  the  ex- 
pediency of  improving  the  navigable  outlet  of  the  Mississippi,  by  the 
Fort  Saint  Philip  Canal,  as  an  alternative  to,  or  a  simultaneous  measure, 
perhaps,  with,  the  improvement  of  the  passes." 

The  majority  of  that  Board  favored  the  construction  of  the  canal  and 
embodied  their  views  as  to  jetties  in  the  following  paragraph. 

"  Upon  a  review  of  the  practical  difficulties  which  the  adoption  of 
the  jetty  system  of  improvement  at  the  mouth  of  the  Mississippi  would 
entail,  and  a  due  consideration  of  the  original  cost  of  construction  and 
of  annual  extension,  entertaining  doubts,  moreover,  of  the  succcessful 
issue  of  the  attempt,  the  Board  do  not  consider  it  advisable  to  recom- 
mend it." 

The  single  dissenting  member  took  the  ground  "that  before  resort- 
ing to  an  artificial  work  of  the  difficult  and  costly  character  of  a  ship- 
canal,  a  more  attentive  consideration  of  the  superior  advantages  of  the 
natural  mouths,  and  of  the  fair  probabilities  of  utilizing  them,  is 
needed." 

And  again  :  "the  advantages  of  an  open  river  mouth  are  inestimable. 
The  needs  of  a  navigation  so  great  as  that  which  now  exists,  and  which 
in  the  future  of  the  great  Mississippi  valley  must  be  fifty-fold  increased, 
demand  it." 

"It  is  said  that  the  '  time  has  come  '  when  the  needs  of  commerce 
demand  the  canal  ;  but  I  answer  that  the  lime  will  come  when  there  will 
be  the  same  cry  for  navigation  unimpeded  by  locks — an  open  river 
mouth — which  we  now  hear  for  a  canal." 

The  argument,  as  put  in  this  last  quotation,  contains  the  very  pith  of 
the  question.  No  seaport  in  the  world  would  substitute  a  ship-canal, 
with  locks,  for  an  open  sea  entrance,  if  the  latter  be  not  unattainable. 

Would  New  York,  for  example,  accept  as  adequate  a  ship-canal, 
for  her  sole  channel  of  access  to  the  sea  ?  And  what  limit  shall  be 
placed  upon  the  magnitude  of  the  freight-commerce  which  shall  pour  out 
of  the  great  Mississippi  valley  through  its  only  outlet  to  the  sea  ? 
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A  ship-canal  can  be  but  a  niake-skift,  a  pis  atter,  only  to  be  accepted 
on  proof  that  there  is  no  reasonable  hope  of  an  "open  mouth."  How 
shall  that  reasonable  hope  be  established  save  by  reference  to  what 
has  been  done  elsewhere,  and  by  an  appeal,  not  to  theories — for  theories 
simply  mock  the  subject  by  their  impotence  to  grasp  the  complicated 
conditions — but  to  such  simple  elementary  facts  as  may  guide  our 
estimate  of  probabilities  ?  Here  all  the  burden  of  proof  is  thrown  on 
the  opposer. 

To  say,  in  face  of  the  highest  authorities*  on  this  subject,  in  face  of 
achieved  success  in  numerous  instances,  that  there  are  no  probabilities, 
or  that  there  are  none  which  justify  an  attempt  which  has  for  its  end  a 
result  so  indispensable  to  a  great  navigation,  requires  not  merely  tran- 
scendent engineering  abilities — it  requires  something  like  prescience. 

The  question  is  not,  therefore,  purely  an  engineering  one.  To  fail 
(if  the  contingency  of  failure  be  admitted)  is  far  from  being  an  engineer- 
ing failure  ;  for  the  undertaking  is  not  merely  justified,  but  demanded  : 
unless,  indeed,  the  engineer  can  deny  even  the  possibility  of  success. 

While  no  engineer,  it  is  presumed,  would  trust  his  prescience  so  far 
as  to  deny  a  possibility  of  obtaining  by  jetties  an  "open  river  mouth," 
there  are  a  few  simple  arguments  on  which  to  asserts — -first,  the  strong 
probability  of  success  ;  second,  that  the  maintenance  of  the  accomplished 
open  mouth  need  not  be  regarded  as  involving  an  unreasonable  expendi- 
ture or  an  excessive  amount  of  work. 

As  to  the  first  point;  no  one,  whether  "engineer"  or  otherwise,  has 
yet  denied  the  certainty  of  obtaining  by  jetties  the  desired  result. 

Hence  the  second  point  only,  requires  to  be  dwelt  iqion.  In  the 
draft  of  a  minority  report,  dated  New  Orleans,  December  6th,  1873,  this 
matter  is  thus  set  forth  : 

"  Now  as  to  the  application  of  this  work.  For  reasons  which  will 
appear  hereafter,  I  should  select  Pass  a*  Loutre  for  experiment.  A  glance 
at  the  chart  will  show  that  from  the  point  in  the  Pass  where  the  depth  of 
25  feet  ceases  to  obtain,  to  the  outer  crest  of  the  bar,  is  about  2+  miles  (at 
the  South  West  Pass  over  4  miles).  The  natural  width  of  the  Pass  where 
25  feet  depth  obtains  is  about  \  mile.     *  *  *     By  stopping  the  North 

*  In  Europe,  e.  g.,  we  have  Sir  Charles  Hartley,  engineer  of  the  successful  jetty  construc- 
tion of  the  Sulina  ;  Col.  James  Stokes,  Royal  Engineers,  British  Commissioner  for  same 
work  :  and  Mr.  P.  Caland,  engineer  of  the  works  at  the  mouth  of  the  Maas;  all  advocating  an 
"  open  mouth"  for  the  Mississippi  ;  nor  can  the  opinions  of  these  eminent  engineers  be 
impugned  by  the  allegation  that,  being  foreigners,  they  are  unacquainted  with  the  physical 
peculiarities  of  the  Mississippi.  They  have  all  studied  it  attentively  with  access  to  the  most 
authoritative  information;  including  the  work,  the  "Physics  and  Hydraulics  of  the  Mis- 
sissippi." 
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Pass,  and  extending  parallel,  or  nearly  so,*  jetties  which,  starting  at  the 
cessation  of  25  feet  depth  (above  the  North  Pass),  extend,  a  half  mile 
apart,  4  miles  to  points  opposite  the  outer  crest  of  the  bar,  the  bar  must 
be  excavated  to  25  feet  (i.  e.,  the  25  feet  channel  will  be  extended  at  once 
2^  miles);  the  velocity  of  current  maintained  unimpaired  up  to  this  point 
will  carry  its  sediment  far  beyond,  into  deep  water.  The  p resent  regime 
of  a  shoal  bar  cannot  again  be  restored,  until  the  vast  bottom  area  now 
covered  with  deep  water  beyond,  for  a  distance  of  2-V  miles,  is  raised. 
That  there  will  be  a  25-feet,  or  even  a  20-feet  available  channel  all  this 
long  time  I  do  not  contend.  But  this  I  do  contend,  viz.:  *  *  *  that 
once  extended  out  to  the  crest  of  the  existing  bar,  jetties  do  not  require 
the  incessant  following  up  supposed  ;  that  they  may  ultimately  require 
extension  I  do  not  dispute." 

The  recent  Board  of  Engineers  (of  1874),  to  which  the  whole  subject 
was  recommitted,  used,  in  giving  its  decision  in  favor  of  jetties,  sub- 
stantially, but  quite  independently,  the  same  argument,  though  more 
fully  and  clearly  developed. 

"At  present,  the  muddy  water  issuing  from  the  South  Pass  spreads 
out  in  somewhat  of  a  fan-shape,  the  handle  of  the  fan  being  at  the  mouth 
of  the  pass  and  the  ribs  several  miles  in  length." 

"If  the  proposed  jetties  wei'e  instantly  completed,  and  the  new 
channel  scoured  out,  essentially  the  same  amount  of  sediment  would  be 
spread  out  in  fan-shape,  but,  from  the  greater  velocity  of  the  issuing 
water,  the  ribs  of  the  fan  would  be  longer,  while  the  handle  would  be 
narrower.  More  of  the  sediment  would  at  first  be  deposited  far  out  in 
the  Gulf  than  before. 

"  But  with  the  present  rate  of  advance,  the  25  feet  curve  120  years 
ago  was  about  12  000  feet  above  its  present  position  ;  and  if  the  volume 
of  water  carried  by  the  pass  is  kept  the  same,  neglecting  the  slight  differ- 
ence in  slope  of  the  Gulf  bottom  outside  the  present  bar,  in  about  120 
years  a  new  end  for  the  pass  will  probably  be  formed  of  the  same  general 
shape  as  the  lower  12  000  feet  of  the  present  j^ass.  It  makes  little  differ- 
ence, in  the  whole  time  required  to  accomplish  the  work,  whether  the 
same  volume  of  water  flows  out  at  starting  over  the  present  shallow  bar 
or  from  between  two  dikes  which  force  the  water  to  take  a  depth  of  30 
feet.  In  an  average  of  many  years,  the  rate  of  progress  must  be  about 
the  same  as  now,  namely  100  feet  per  annum,  the  volume  of  water  being 
ljept  as  at  present ;  and  it  is  on  this  basis  that  the  average  annual  cost  of 
extension,  namely,  $130  000,  has  been  computed." 

' '  It  has  already  been  stated  that  it  is  proposed  to  obtain  a  depth  of 
30  feet  between  the  jetties,  in  order  that  some  years  may  elapse  before 
the  shoal  which  will  form  beyond  the  jetties  can  have  on  it  less  than  the 

*  "  Perfect  parallelism  is  not  necessary  ;  large  deviations  may  be  made  to  select  the  best 
location." 
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required  depth  of  25  feet  iu  the  channel  through  it.  There  are  no  pre- 
cise data  for  estimating  this  period.  Going  seaward  from  the  upper  end 
of  the  proposed  dikes,  the  slope  of  the  bottom  of  the  South  Pass  is  about 
T:hr.  This  slope  doubtless  depends  mainly  on  the  velocity  of  the  water 
flowing  through  it  and  on  the  lifting  of  the  fresh  water  by  the  salt.  As 
the  causes  remain  essentially  the  same,  it  would  seem  natural  that  the  new 
end  of  the  South  Pass  to  be  formed  by  the  sediment  passing  through  the 
jetties  should  at  least  have  the  same  bottom  slope.  If  this  assumption 
were  true,  the  bottom  would  at  least  shoal  from  30  to  25  feet  in  a  distance 
of  5  ><  440  =  2  200  feet,  and  the  time  required  would  be  about  twenty- 
two  years." 

Mr.  Eads  in  his  pamphlet  entitled  "The  Jetty  System  Explained" 
(printed  in  1874),  pages  6-7,  dwells  on  and  develops  the  same  princi- 
ple, justly  reasoning  from  the  facts  of  nature,  that  between  the  lowest 
point  at  which  there  is  60  feet  depth  in  the  South  West  Pass  (whether 
that  final  60  feet  be  in  the  unmodified  pass,  or  suddenly  realized,  by 
means  of  jetties,  on  the  site  of  the  present  bar)  and  a  bar  having  only  15 
feet,  there  must  be  a  distance  of  1\  miles — and  the  time  for  the  creation 
of  a  new  bar  (if  by  jetties  the  present  bar  be  deepened  to  60  feet)  must  be 
equal  to  the  number  of  feet  in  1\  miles  divided  by  the  amount  in  feet  of 
the  present  annual  advance;  a  quotient  which  he  assumes  to  be  178  years. 

The  arguments  are  essentially  identical  in  all  the  three  independently 
exhibited  forms.  These  reasons  are  in  themselves  the  broad  and  indis- 
putable facts  of  observed  configuration.  All  that  has,  in  a  different  and 
conflicting  sense,  been  arrayed  is — where  not  pure  assumption — based  on 
theories*  which  have  themselves,  no  sufficient  inductive  basis. 

But  the  matter  may  be  somewhat  otherwise  stated,  thus — the  passes 
can  prolong  themselves  no  faster  than  they  can  build  up  their  base  of 
formation ;  the  broad  bank  on  which  their  bed  is  laid  and  that  serves 
as  the  solid  trough  (as  it  may  be  called)  which  conveys  them  to  the  sea. 
The  front  on  which  the  fan-like  expansion  over  which  the  great  delta  arms 
are  laid,  has  an  extent  measured  on  the  100  feet  (depth)  curve  of  about  40 
miles.  The  material  if  all  laid  within  (and  we  know  it  is  transported  far 
beyond)  the  100  feet  line,  cannot  advance  this  front  much  more  than  300 

*  The  two  most  prominent  and  sharply  defined  "theories"  of  bar  formation  are  those 
of  Mr.  Ellett,  (the  vertical  eddy  theory, )  and  of  the  "Physics  and  Hydraulics  of  the  Missis- 
sippi," pages  445-6,  7,  8,  refuting  the  former  and  attributing  the  bar  formation  to  the  heavier 
sediments  "pushed  along  the  bottom,"  but  which  also  calls  for  "vertical  eddies"  and  a 
"dead  angle,  where  the  river-water  meets  and  rises  upon  the  salt-water."  Were  this  latter 
theory  proven,  it  would  be  far  from  sustaining  the  inverse  rule-of-three  computations  of 
enormous  bar  advance,  under  influence  of  contraction  by  jetties,  based  on  it  in  Ex.  Doc.  220, 
page  31. 
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feet  per  annum.  Or  if  we  take  the  South  West  Pass  by  itself  (forming  a 
kind  of  salient  on  the  western  extreme  of  the  general  configuration)  its 
base  measured  at  the  same  depth  is  10  miles,  (even  on  the  18  feet  curve 
the  base  is  5  miles, )  and  this  same  configuration  obtains  whether  we  re- 
fer to  Talcott's  chart  of  1838  or  the  Coast  Survey  chart  of  1867,  during 
which  interval  there  has  been  a  general  progression  of  11  miles.  The  side 
banks,  from  the  pass  to  lateral  deep  water,  are  quite  pertinently  compared 
by  Mr.  Eads  to  completed  natural  jetties  ;  and  as  such,  they  must 
complete  themselves  as  they  advance.  There  is  every  reason  to  affirm 
that  the- advance,  whether  the  material  be  projected  with  high  velocity 
over  a  bar  crest  2  000  feet  long,  or  with  low  velocity  over  one  11  500  feet 
long,  cannot  be  made  on  a  base  of  less  width  than  we  observe  to  be  essential 
to  the  natural  advance.* 

Stress  is  laid  on  this  exhibition  of  the  case  because  it  discards  all  the- 
orization,  and  all  subsidiary  and  disputable  questions  of  "littoral  cur- 
rents," "  tide,"  "winds  "  or  "  waves."  If  in  the  final  minority  report  of 
the  waiter  stress  is  mainly  laid  upon  precedent,  it  is  because  successful 
precedent  is  enough  to  prove  the  claim  that  the  "open  mouth"  should  be 
striven  for  at  the  Mississippi  ;  and  because  the  greatest  possible  brevity 
was  aimed  at. 

It  will  be  noticed  doubtless,  that  in  the  passage  quoted  from  the  mi- 
nority report  as  first  drafted,  preference  is  given  to  Pass  a  Loutre.  not  be- 
cause the  analogy  between  the  South  Pass  of  the  Mississippi  and  the 
"  Sulina  "  (both  bearing  about  8  per  cent,  only,  of  the  total  discharge) 
had  not  already  attracted  the  attention  of  the  writer;  but  because  in 
sketching  out,  under  great  pressure  as  to  time,  some  outline  of  an  appli- 
cation of  the  jetty  system  to  the  Mississippi  delta,  it  was  deemed  inexpe- 
dient to  select  an  obscure  pass — one  which  has  never  been  known  to 
navigation — for  the  purpose.  Pass  a  Loutre  is,  on  the  other  hand,  in 
some  degree  a  rival  of  the  South  West  Pass,  while  the  application  there 
would  involve  very  much  less  expense  than  to  the  latter.  Preference  was 
subsequently  given  to  the  South  Pass  for  reasons  fully  set  forth  in  the 
minority  report,  t 

In  the  foregoing,  I  have  endeavored  to  give  a  concise  history  not  only 

*  The  following  from  the  "Physics  and  Hydraulics  of  the  Mississippi,"  page  449,  is  but 
another  form  of  the  above  affirmation  :  "The  oscillating  motion  of  waves,  when  meeting  bot- 
tom, is  changed  into  a  motion  of  translation,  and  this  tends  to  arrange  the  deposit  made  by  the 
river  into  the  same  gentle  slope  at  which  it  disposes  similar  material  at  corresponding  depths  along 
the  shores." 

i  Ex.  Doc.  220,  page  124. 
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of  actual  operations  at  the  delta  raoutlis,  but  of  the  various  projects 
for  providing  an  adequate  outlet,  whether  by  operating  on  the  mouths 
themselves,  or  by  canalization.  I  have,  at  the  same  time,  endeavored  to 
make  plain  the  grounds  on  which  an  "  open  river  mouth  "  may  be  confi- 
dently hoped  for. 

In  this  matter  the  recent  Board  (of  1874),  in  all  essential  matters,  is 
in  unison  with  me.  Its  plans  or  its  estimates  are  doubtless  able  and 
thorough,  and,  in  absence  of  any  precedent  for  the  kind  of  work  it 
proposes,  are  naturally  founded  on  the  best  foreign  precedents,  which 
are  those  furnished  by  the  practice  of  Holland,  and  more  especially  by 
recent  works  at  the  mouth  of  the  Maas.*  These  works  were  visited  by 
me  in  1871,  and  fully  described  with  fidl  details  of  the  fascine  and  ballast 
construction  ("  zink  stukken,"  &c.)  in  Professional  Papers,  Corps  of  En- 
gineers, No.  22,  and  the  methods  indicated  as  likely  to  "  prove  especially 
available  in  Louisiana."  But  at  the  same  time  they  can  but  serve  as 
models.  In  practice  and  adaptation  to  the  peculiar  locality,  I  believe 
they  may  be  much  simplified  and  the  desired  results  of  the  jetty  appli- 
cation be  arrived  at  more  speedily  and  economically  than  by  following 
rigidly  the  board's  model. 

In  all  that  relates  to  the  rival  project  of  a  canal,  the  recent  Board  has 
given  incomparably  the  best  solution  of  that  problem  yet  offered.  Never- 
theless, while  always  admitting  the  'practicability  so  far  as  the  mere 
question  of  construction  (a  difficult  one  though  it  be),  I  am  far  from  be- 
lieving it  to  offer  a  reasonable  assurance  of  success,  if  by  success  is 
meant  the  furnishing  of  an  outlet  at  all  adequate  ;  I  doubt  much 
whether  in  its  working,  it  will  fulfill  even  that  degree  of  success  which 
would  be  justified  for  similar  canals  in  other  localities,  and  I  feel  sure  it 
could  not  be  maintained  for  the  smaU  annual  sum  estimated. 

Before  closing  this  paper  I  would  advert  to  the  case  of  the  Rhone 
mouth,  upon  which  much  stress  has  been  laid  as  an  unsuccessfid  attempt 
to  apply  jetties.  I  have  before  me  a  copy  of  the  "  Rapport  sur  les  Pro- 
jets  presentes  par  les  Ingenieurs  charges  de  la  Navigation  du  Rhone,"  t 
made  by  a  "  Commission  "  of  the  "  Ponts  et  Chaussees." 

*  These,  even  in  Holland,  were  the  first  applications  of  this  kind  of  work  to  an  open  sea 
exposure.  So  successful  has  it  proved  that  the  lower  legislative  body  of  Holland  reports  that 
"  the  complete  success  of  the  works  at  the  Hook  of  Holland  has  removed  all  doubts  as  to  the  possibility 
"  of  making  piers  at  sea  "  (i.  e.,  jetties)  "  on  our  coast." 

The  construction,  wholly  of  beton  blocks  at  the  sea  entrance  of  the  new  North  Sea  Canal, 
has  not  proved  so  complete  a  success. 

t  Furnished  to  Gen.  Wright,  President  of  the  Board  of  1874,  by  M.  Malezieux. 
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Stating  that  the  General  Council  (Conseil  General)  of  the  Ponts  ei 
Chaussees  had  already  been  engaged  with  this  subject  in  connection  with 
two  projects  presented  by  Mr.  Surrell,  it  mentions  the  first  as  that  for  a 
"canal  maritime,"  dec,  Sec,  and  the  second,  as  one  for  concentrating  tht 
waters  of  the  Rhone  in  one  single  arm,  that  of  the  "  Grau  de  l'Est  ;  "  the 
Council  referred  to,  stating  the  principle  upon  which  rested  this  project 
to  be,  "  that  the  depth  over  the  bar  of  a  river  mouth  emptying  into  the 
sea  is  the  greater,  the  greater  the  quantity  of  water  which  is  dis- 
charged through  it." 

Thus  we  find  laid  down  authoritatively,  at  the  very  outset  of  this  mat- 
ter, not  the  jetty  method  but  (see  enumeration,  page  107,  made  by  the 
Board  of  1852)  a  distinct  and  very  different  one.  i.e.,  that,  specifiedin  the 
words  of  the  1  mi: i  id  just  cited,  as  "closing  the  useless  passes. "  And,  indeed, 
through  the  forty  closely  written  manuscript  pages  of  the  report  before 
me,  this,  and  this  only,  is  dwelt  upon  and  discussed  in  all  its  bearing, 
without  even  an  allusion  to  the  very  distinct  notion  of  jetties  or,  as 
more  generally  known  in  Europe,  that  of  "parallel  piers." 

That  the  actual  construction  assumed  somewhat  the  semblance  (as  far 
as  they  went)  of  "parallel  piers,"  is  due  simply  to  the  fact  that  it  was 
deemed  indispensable  to  connect  the  dams,  which  stopped  the  ••  useless 
passes,"  by  dikes  running  over  the  low.  intervening  islands  {theys) 
— that,  on  the  east  side  it  was  found  easier  and  more  economical  to  make 
a,  continuous  dike,  riverwards  of  the  islands,  than  isolated  dams. 

Finally,  this  Commission,  concludes  as  follows:    "Whereas,"    *  *  * 

"3d.  The  delta  arms  (grans)  of  Piemanson  and  Houston,  which  are 
the  first  derivations,  upstream,  from  the  main  river,  receive  more  than 
half  of  the  total  discharge. 

"1th.  That  the  closing  of  tins'  arms  will  constitute  a  valuable  ex- 
perience from  which  .may  be  derived  useful  information. 

"Therefore,  the  works  to  be  executed  for  the  improvement  of  the 
Rhone  mouth  should  be  confined  to  the  closing  of  the  Piemanson  and 
Houston  arms." 

The  government,  however,  decided  to  carry  out  the  plan  of  Mr.  Sur- 
rell in  full  ;  and  now  let  us  hear  in  the  language  of  M.  Malezieux  (Sep- 
tember 10th,  1874)  what  was  done. 

The  works  constructed  constitute  a  continuous  dike  ("  endiguement ") 
upon  the  two  banks  of  the  Rhone,  from  the  Tower  of  St.  Louis  to  the 
bar;  that  on  the  left  has  a  total  length  ("  developpement ")  of  7  kilome- 
tres (1^  miles),  and  stops  at  1  531  metres  (a  mile  less  80  yards),  inside  the 
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crest  of  the  bar  ;  that  on  the  right  has  a  length  of  6  500  metres  (4  miles), 
and  stops  at  1  460  metres  (y\r  mile)  inside  the  crest.  *  *  *  "  The  result 
of  these  works  was  to  concentrate  the  waters  of  the  Rhone  in  one  arm,'" 
cVc,  etc. 

And  again,  the  official  journal,  "  Annales  des  Ponts  et  Chaussees'" 
(1863,  2d  semestre),  refers  to  this  matter  in  these  words  (translated)  : 
"  After  having  attempted  to  improve  the  mouth  by  concentrating  all  the 
water  in  a  single  channel,  the  administration"  (/.  e. ,  of  the  Ponts  et  Chaus- 
sees) "renounced  their  fruitless  efforts  and  had  recourse  to  the  construc- 
tion of  a  maritime  canal,"  kc,  &c. 

It  seems  scarcely  necessary  to  remark  that  the  jetty  system  has  never 
been  applied  to  the  Phone  mouths.  The  method  of  closing  useless 
passes  having  resulted  in  failure,  the  work  was  abandoned  without 
even  an  attempt  to  apply  the  true  jetty  system,  and  the  alternative  pro- 
ject of  Mi\  Surrell — a  "  canal  maritime  "  (ship-canal) — made.  This,  in 
the  words  of  the  report  of  the  recent  board,  ' '  is  more  than  adequate 
to  the  wants  of  commerce."  Inasmuch  as  at  that  locality  there  are  com- 
paratively trifling  wants  to  be  supplied,  in  our  sense  of  such  needs,  one 
might  suspect  a  vein  of  irony  in  these  words,  when  we  consider  what  a 
"canal-maritime''''  woidd  be  to  the  wants  of  commerce  of  the  port  of 
New  York.  Even  those  wants  shoidd  not  rival  the  exigencies  of  the  now 
enormous,  but  yet  undeveloped,  freight-commerce  of  the  Great  West 
through  its  only  outlet  where  the  Father  of  Waters  bears  to  sea  the 
spoils  of  half  a  continent ! 


122 


cxx. 


OX  THE  MEANS  OF  AVERTING  BRIDGE  ACCIDENTS. 

Reports  by  James    B.  Eads,  C.  Shaler  Smith,  Thomas 

C.  Clarke,  Julius  TV.  Adams,   Alfred  P.  Boller, 

Charles  Macdonald  and  Theodore  G.  Ellis, 

Members  of  the  Society. 

Presented    Mabch    3d,    1875.* 


REPORT  I. 

To  the  American  Society  of  Civil  Engineers : 

The  Committee  appointed,  under  the  resolution  of  May  21st,  1873,f  to 
enquire  into  the  "  most  practicable  means  of  averting  bridge  accidents,"' 
begs  leave  to  report  as  follows: 

After  a  careful  examination  into  the  causes  of  the  more  disastrous 
accidents  which  have  occurred  during  the  past  few  years,  it  finds  that 
they  can  readily  be  divided  into  three  different  classes.  First,  where 
bridges  are  erected  by  incompetent  or  corrupt  builders,  and  accepted 
by  incompetent  or  corrupt  railway  or  municipal  officials.  Second,  where 
bridges  of  good  design  and  sufficient  material  fail  from  absolute  neglect 
on  the  part  of  their  owners,  or  from  injury  to  the  material  during  trans- 
portion  or  erection.  Third,  where  bridges,  good  or  bad,  are  knocked 
down  or  destroyed  by  derailed  trains  moving  at  a  high  rate  of  speed,  or 
where  the  growth  of  a  neighborhood  has  brought  a  class  of  traffic  on  a 
bridge,  which  it  was  not  originally  designed  to  bear,  cither  by  the  builders 


*  At  the  regular  meeting  of  the  Society,  March  3d,  1875,  ordered  printed  and  set  down 
for  discussion  at  the  Seventh  Annual  Convention  to  be  held  at  Pittsburg,  Pa.,  June  8th.  9th 
and  loth,  1875. 

t  At  the  Fifth  Animal  Convention,  held  at  Louisville,  Ky.,  May  21st  and  22d,  1873,  it  was: — 

"  Resolved:  in  view  of  the  late  calamitous  disaster  of  the  falling  of  the  bridge  at  Dixon, 
111.,  and  other  casualties  of  a  similar  character  that  have  occurred  and  are  constantly  oc- 
curring, that  a  committee  *  *  *  be  appointed  to  report  at  the  next  Annual  Convention  the 
most  practicable  means  of  averting  such  accidents." 

The  committee  appointed  consists  of  Messrs.  James  B.  Eads  and  C.  Shaler  Smith  of  St. 
Louis,  Mo.,  I.  M.  St.  John  of  Quinuimont,  Va.,  Thomas  C.  Clarke  of  Philadelphia,  Pa.,  James 
Owen  of  Newark.  N.  J..  Alfred  P.  Boiler,  Octave  Chanute  and  Charles  Macdonald  of  New  York, 
Julius  W.  Adams  of  Brooklyn,  N.  Y.,  and  Theodore  G.  Ellis  of  Hartford,  Conn.  Mr.  Alfred  L. 
Rives  of  Mobile.  Ala.,  was  appointed  on  the  committee  but  resigned 
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or  the  owners.  How  to  treat  each  of  these  classes  of  causes  will  now  be 
considered  in  the  order  above  stated. 

Accidents  occurring  from  the  first  class  would  certainly  not  have  taken 
place  had  the  wrecked  structures  been  correctly  designed  and  had  they 
possessed  the  proper  sectional  areas  in  their  different  parts — but  failure 
from  faulty  design,  is  not  nearly  so  frequent  as  failure  from  insufficient 
material.  One  great  difficulty  in  the  way  of  protecting  the  public  from 
the  results  of  imperfect  design  or  scanty  material  lies  in  the  absence 
of  a  fixed  legal  standard  of  loads  and  stresses  for  all  classes  of  these 
structures,  and  another  is  the  negligence  of  those  controlling  public 
works  or  those  engaging  in  their  construction,  in  securing  skillful  profes- 
sional aid. 

It  would  seem,  therefore,  to  be  our  duty  as  a  Society  to  establish  in  a 
few  general  terms — such  as  can  be  readily  embodied  in  a  law — a  standard 
of  maximum  stresses  and  a  table  of  least  loads  for  which  bridges  should 
be  designed,  and  to  add  thereto  a  practicable  suggestion  as  to  the  neces- 
sary legislation  required  to  give  the  public  that  protection  which  an 
adherence  to  this  standard  would  afford.  First,  as  to  the  standards  for  the 
least  live  loads  to  be  used  in  proportioning  bridges;  a  law  which  would 
provide  that  all  railroad  bridges  should  be  built  to  carry  not  less  than 
the  following  loads,  would  be  well  within  the  mark  of  safety. 

For  highway  and  street  bridges  the  standard  loads  should  not  be  less 
than  as  in  first  table  on  next  page;  for  city  and  suburban  bridges  ami 
those  over  large  rivers  where  great  concentration  of  weight  is  possible,  as 
in  column  ^4  ,•  for  highway  bridges  in  manufacturing  districts,  or  on  level, 
well  ballasted  roads,  as  in  column  B,  and  for  country  road  bridges, 
where  the  roads  are  unballasted  and  the  loads  hauled  are  consequently 
light,  as  in  column  C. 


Pounds  per  Square  Foot. 

Span*. 

A. 

B. 

C. 

60  feet  and  under. 

100 

10G 

70 

60  to  100  feet. 

90 

75 

60 

100    "  200     " 

75 

60 

50 

200    "  400     " 

60 

50 

40 

With  the  highway  bridge  the  floor-beam  strength  is  especially  import- 
ant, because  of  the  great  concentration  of  weight  which  maybe  carried 
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on  a  single  pair  of  wheels,  therefore  the  floor  system  of  each  class  of 
bridge  should  be — per  floor-beam  for  each  wagon-way — for  city  bridges, 
6  tons;  turnpike  bridges,  5  tuns,  and  county  bridges,  4  tons. 


Span  on  Panel. 

Pounds  per  Lineal 
Foot  of  Track. 

Span  or  Panel. 

Pounds  per  Lineal 
Foot  of  Track. 

Under  12  feet 

6  000 

Under  75  feet. 

3  000 

"       15    « 

5  500 

'•      100      " 

2  750 

20    " 

5  000 

"      150      " 

2  500 

25    " 

4  500 

150  to  175      " 

2  500 

30    " 

4  060 

175  to  200     " 

2  400 

50    " 

3  250 

200    "    300    " 

2  250 

The  panel  weights  for  railroad  bridges  are  obtained  by  using  the 
standard  weight  per  foot  for  short  spans.  In  computing  all  web  mem- 
bers, one  panel  of  panel  weight  is  to  be  considered  as  preceding  the 
standard  span  load.  The  proposed  law  should  also  provide  that  with 
the  foregoing  loads,  the  stresses  on  materials  shall  not  exceed  the  fol- 
lowing : 
For  wrought-iron  in  tension,  long  bars  or  rods,  10  000  pounds  per  sq.  in. 

"  "         "  "  short  links,  (for 

floor  beams) 8  000         "         "       " 

"  "         "     against  shearing  force 7  500         "         "       " 

and  for  wrought-iron  in  compression,  as  in  this  table: 


Poi  nds  peb  Square  Inch. 

Diameters. 

Pounds  per  Square  Inch. 

Diameters. 

Square  Ends. 

Bound 

Square  Ends. 

Round  Ends. 

10 

10  000 

7  000 

30  to  35 

6  000 

4  000 

10  to  15 

9  000 

6  500 

35    "  40 

5  000 

3  500 

15  "    20 

8  000 

6  000 

40    "  50 

3  800 

2  500 

20    "  25 

7  500 

5  500 

50    "  60 

3  000 

2  000 

25    "  30 

6  800 

5  000 

Where  one  end  is  square  and  the  other  end  is  rounded,  a  mean  is  to 
taken  between  the  two. 

Cast-iron  to  be  used  in  compression  only,  in  lengths  not  exceeding 
22  diameters,  and  at  the  same  stresses  as  those  prescribed  for  wrought- 
iron. 
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The  shapes  under  compression  in  the  above  are  assumed  to  be  hollow 
struts  either  square  or  cylindrical  in  section ;  other  shapes  than  these  to 
have  the  stresses  varied  as  actual  experiment  may  dictate.* 
For  wood,  the  greatest  allowable  strains  shall  be  as  follows: 

For  oak  in  flexure 1  200  pounds  per  square  inch. 

"     pine  "         "      1  000      " 

and  in  compression  as  in  this  table : 


Pounds  pee  Square  Inch. 

Diameters. 

Oak. 

Pine. 

10 

1  000 

900 

10  to  20 

800 

700 

20   "  30 

600 

500 

30    "  40 

400 

300 

The  above  standard  should  be  changed  or  elaborated  more  fully,  from 
time  to  time,  as  future  experience  and  experiments  on  material  suggest. 

In  order  to  secure  to  the  public  the  full  measure  of  benefit  from  the 
adoption  of  this  standard,  the  law  in  question  should  provide  for  the  ap- 
pointment by  the  governor  in  each  state,  of  an  expert  whose  duties  would 
consist  in  having  cognizance  of  the  construction  and  maintenance  of 
every  bridge  intended  for  public  travel  in  the  state  or  states  for  which 
he  was  appointed.  The  law  should  also  make  it  imperative  that  the  ex- 
pert so  appointed  shall  pass  an  examination  as  to  his  mathematical  and 
mechanical  competency,  which,  it  is  suggested,  should  be  by  a  stand- 
ing committee  of  this  Society,  regularly  constituted  for  the  purpose, 
and  that  the  appointment  of  any  such  expert  who  fails  to  receive 
the  endorsement  of  this  committee  shall  be  null  and  void.  Under  the 
proposed  law  it  should  be  the  duty  of  all  railroad,  city,  county  or  state 
officials  having  charge  of  the  letting  or  construction  of  bridges  to  caU 
upon  this  expert — first,  to  examine  the  strain-sheet  of  the  proposed  struc- 
ture before  work  has  been  commenced,  to  certify  to  its  correctness  if 
correct,  or  to  make  such  alterations  as  may  be  necessary  if  it  is  faulty 
in  design  or  scant  in  material  according  to  the  legal  standard  ;  next,  to 
be  present  on  the  completion  of  the  bridge,  and  then  and  there  to  make 

*  Further  experiments  can  alone  determine  the  values  to  be  used  for  other  than  square 
or  cylindrical  cross  sections. — A.  P.  B. 
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a  critical  examination  of  the  work  in  all  its  details,  comparing  and  veri- 
fying the  sections  on  the  strain-sheet  with  those  of  the  actual  structure, 
and  if  these  last  are  insufficient,  to  forbid  the  use  of  the  work  until  the 
law  is  fully  complied  with  ;  and,  lastly,  if  the  bridge  is  up  to  the  stand- 
ard in  all  its  parts,  to  obtain  from  him  a  certificate  to  that  effect,  copies 
of  which  certificate  shall  also  be  given  to  the  builder,  and  filed  on  record 
in  the  proper  department  of  the  state  government.  This  officer  shall 
also  see  that  a  tablet  or  plate  is  placed  on  a  conspicuous  part  of  the 
bridge,  bearing  the  names  of  the  builders,  his  own  name,  and  that  of 
the  officer  of  the  railway  or  corporation  who  accepts  the  work,  together 
with  the  strength  of  the  bridge  as  designed,  and  the  year  of  its  erection. 

Accidents  arising  from  the  first  class  of  causes  would  be  nearly,  if  not 
quite  prevented  by  the  general  enforcement  of  the  foregoing  provisions. 
Against  accidents  occurring  from  causes  of  the  second  class,  the  law 
should  further  provide  that  all  railway  or  other  corporate  bodies,  when 
having  a  bridge  built,  to  be  used  for  public  travel,  shall  be  compelled 
during  the  erection  of  the  work,  to  keep  on  the  spot  a  competent 
inspector,  who  shall  have  power  to  reject  any  piece  of  material  which 
may  have  been  injured  in  transportation  or  while  being  placed  in 
position.  Also  that  aU  railroad  and  city  bridges  shall  be  inspected  once 
every  month  by  a  competent  person  in  the  employ  of  the  corporation 
owning  the  bridge,  for  the  purpose  of  seeing  that  all  iron  parts  are  in 
order,  aU  nuts  screwed  home,  that  there  are  no  loose  rivets,  that  the  iron 
rails  are  in  hue  and  without  wide  joints,  and  that  all  wooden  parts  of 
the  structure  are  sound  and  in  proper  condition. 

It  should  also  be  the  duty  of  the  state  officer  before  mentioned,  upon 
any  bridge  being  reported  as  in  a  neglected  condition — whether  the  re- 
port be  an  official  one  or  made  by  one  not  connected  with  the  corpora- 
tion— to  proceed  to  the  spot  and  examine  for  himself,  and  if  he  finds  the 
bridge  in  a  neglected  or  dangerous  condition,  he  should  cause  the  owners 
to  put  it  in  safe  order  without  delay. 

In  relation  to  the  third  class  of  causes— destruction  by  derailed  trains, 
high  winds,  or  by  concentration  of  bring  weight  owing  to  the  growth  of 
cities  or  neighborhoods— prevention  is  less  easy,  but  much  can  be  done 
by  carefully  designing  the  structure.  In  most  of  our  railroad  bridges 
the  floor  system  is  the  weak  point.  The  cross-ties  are  short,  the 
stringers  are  proportioned  for  a  train  on,  not  off  the  rails  ;  and  the 
guard-timbers  are  too  low,  and  are  insufficiently  bolted.  A  derailed 
engine  on  such  a  floor  as  this,  plunges  off  the  end  of  the  cross-ties  into 
the  open   space  between  the  stringers  and  the  chords,  and   generally 
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wrecks  the  bridge.  To  obviate  this,  the  law  should  provide  that,  first, 
— all  cross-ties  shall  extend  from  truss  to  truss,  they  shall  be  placed 
so  close  to  each  other  that  if  supported  at  the  proper  intervals  it  will 
be  inqmssible  for  a  derailed  engine  to  cut  through  them,  and  the 
stringers  shall  be  so  spaced  as  to  give  them  this  support.  Next,  the 
guard-timbers  shall  be  scantlins  not  less  than  9  X  10  inches,  and 
they  shall  be  strongly  bolted  or  spiked  to  at  least  each  alternate  cross- 
tie.  And  lastly,  the  clear  width  between  the  trusses  on  through  bridges 
shall  be  so  great  that  the  wheels  of  a  derailed  train  will  be  arrested  by 
the  guard-rail  before  the  side  of  the  widest  car  can  strike  the  truss. 
Where  switches  are  placed  at  the  end  of  a  bridge,  the  "Wharton  or  some 
other  form  of  safety  switch  should  be  used. 

Against  the  majority  of  accidents  from  high  winds,  a  provision  in  the 
law  requiring  that  all  lateral  bracing  shaU  be  sufficient  to  resist  a  pres- 
sure of  30  pounds  per  square  foot  of  truss  and  train,  will  be  sufficient. 
Lateral  bracing  can  be  proportioned  at  15  000  pounds  per  square  inch 
against  this  particular  strain,  as  it  is  of  very  rare  occurrence. 

The  last  case  in  the  third  class  of  causes  of  accidents  is  where  a 
bridge  built  originally  for  a  neighborhood  or  country  road  becomes  too 
weak  for  the  requirements  of  a  growing  community  or  possibly  of  a  newly 
established  manufactory  ;  also  where  a  railroad  bridge,  intended  only 
for  that  class  of  traffic,  has  a  highway  floor  subsequently  added  to  it. 
Against  the  first  contingency,  the  vigilance  of  the  state  official  and  the 
chance  that  some  one  of  the  users  of  the  bridge  may  occasionally  notice 
the  tablet  setting  forth  its  strength,  would  seem  to  be  about  the  only 
safeguard  ;  but  in  the  second  case,  the  law  should  provide  that — except 
by  permission  of  the  state  officer  in  charge  of  bridges — no  corporation 
or  other  bridge  owner  shall  add  to  the  dead  weight  on  a  bridge  without 
at  the  same  time  making  the  proper  addition  to  its  strength. 

The  foregoing  provisions,  if  embodied  in  a  law,  will  afford  the  public 
about  all  the  protection  which  is  readily  obtainable  in  the  case. 

No  mention  is  here  made  of  the  quality  of  the  material,  as  the  pro- 
posed officials  engaged  in  carrying  out  the  law  will  be  men  who  have  been 
passed  on  by  the  Society,  and  the  very  fact  of  their  surveillance  wdll  be 
apt  to  produce  care  in  this  regard.  In  addition  to  this,  the  standard 
stresses  have  been  placed  so  low  that  the  use,  whether  accidental  or 
fraudulent,  of  low  grades  of  iron  will  hardly  endanger  the  work.  A 
provision  in  the  law  that  all  bridge  details  shall  possess  the  proper  pro- 
portional strength  to  that  of  the  main  members  of  the  bridge,  and  a 
series  of  instructions  from  the  examining  committee  of  the  Society  to 
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those  who  pass  their  examinations  for  appointments  under  this  law,  in 
reference  to  these  proper  proportions,  will  protect  the  purchasers  of 
bridges  from  insecure  details  of  construction. 

In  addition  to  his  duties,  as  above  defined,  the  state  officer  in  charge 
of  bridges  should  also  visit  the  scene  of  any  accident  in  his  district  as 
soon  as  possible  after  the  occurrence,  and  remain  during  the  removal  of 
the  wreck,  or  until  he  is  able  to  ascertain  the  true  cause  of  the  failure. 
The  facts  in  the  case  should  then  be  reported  by  him  to  the  examining 
committee  of  the  Society. 

In  conclusion,  it  is  here  advised  that  a  committee  be  appointed  to 
draft  such  a  law  as  is  outlined  in  this  report;  that  a  resolution  be 
passed  by  the  Society  recommending  the  adoption  of  this  law  by  the 
different  state  legislatures,  and  that  printed  copies  of  this  report,  the 
proposed  laws  and  the  accompanying  resolution,  be  sent  to  the  members 
of  the  Society  with  a  request  that  they  move  actively,  each  in  his  own 
state,  towards  procuring  the  passage  of  the  specified  law  by  the  various 
state  legislatures  during  the  coming  winter. 

Jas.  B.  Eads,  Chairman. 
October  30th,  1874.  C.  Shaler  Smith.  * 


*  In  advocating  the  views  presented  in  the  foregoing  report,  the  undersigned  is  actuated 
by  the  following  reasons  : 

First — the  resolution  under  which  the  Committee  is  acting  requires  from  it  "  the  most 
practicable  means  of  averting — i.  e.,  preventing — bridge  accidents  " — rather  than  the  mode  of 
sitting  in  judgment  on  them  after  they  occur. 

Second — as  the  national  legislature  has  for  some  time  been  passing  laws  for  the  protection 
of  life  on  the  navigable  waters  of  the  United  states,  prescribing  qualifications  and  standards 
for  engineers  and  pilots,  the  proportions  of  safety  valves,  &c.,  for  boilers,  and  appointing 
examiners  and  inspectors  under  these  laws — so,  sooner  or  later  will  the  question  of  the  proper 
construction  of  railways  be  taken  up  and  legislated  upon. 

Third — many  mistakes  have  been  made  in  these  laws,  owing  to  ignorance  on  the  part  of 
those  passing  them,  and  the  undue  influence  of  interested  inventors  and  manufacturers,  and 
eaeli  succeeding  Congress  has  had  amendments  to  make  in  order  to  repair  some  injustice  or 
supply  some  omission. 

Lastly — as  laws  regulating  the  construction  of  railroads  and  bridges  will  certainly  be 
enacted,  and  official  positions  will  assuredly  be  created  by  them— it  is  far  better  that  this 
Society  should  take  time  by  the  forelock,  dictate  a  law  which  will  be  just  and  equitable, 
and  hold  control  of  the  appointments  under  it,  than  that  it  should  stand  in  the  background, 
until  an  aroused  public  opinion  compels  legislation  which  may  be  injurious  to  the  profession, 
especially  if  enforced  by  political  appointees  who  may  be  utterly  unfit  to  fill  such  positions. 
All  laws  are  written  by  some  one,  and  the  greater  the  knowledge  of  the  subject  matter  on  the 
part  of  that  person  is,  the  more  probable  is  the  production  of  a  good  and  wise  statute. 

Hence  the  undersigned  believes  that  the  fixing  of  the  standards  as  proposed,  the  prepara- 
tion of  such  a  law  as  suggested,  and  the  professional  surveillance  ol  the  appointees  under  it, 
are  eminently  the  province  of  this  association,  and  that  all  legislation  on  the  subject  should  be 
both  inspired  and  dictated  by  the  most  competent  authority  in  the  premises — the  American 
Society  of  Civil  Engineers. 

April  18,  1875.  C.  Shalek  Smith. 
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REPORT  II. 

The  undersigned  differ  from  the  views  expressed  in  the  foregoing 
report,  and  present  the  following  as  an  expression  of  their  own  : 

I. — They  agree  with  the  report,  that  it  is  desirable  the  American 
Society  of  Civil  Engineers  shoidd  publicly  declare  what  it  considers 
to  be  a  standard  bridge,  anything  below  which  is  not  to  be  deemed 
as  a  safe  or  durable  construction.  But  they  do  not  think  it  is  de- 
sirable to  go  much  into  detail,  as  they  believe  it  to  be  impossible  to 
construct  a  specification  that  will  meet  all  cases.  Incompetent  engineers 
cannot  be  prevented  from  building  bad  bridges  by  any  specifications 
however  elaborate  ;  they  therefore  are  content  with  laying  down  general 
principles,  leaving  the  application  to  others,  and  offer  the  following 
standard  specification  for  bridges  of  iron  and  wood  : 

1.  Eveiy  highway  bridge  shall  be  capable  of  carrying,  in  addition 
to  its  weight,  a  moving  load  per  square  foot  of  roadway  and  sidewalks 
as  foUows : 


Spans— Feet. 

Pounds. 

Spans — Feet. 

Pounds. 

100  and  under. 
100  to  200 
200  "  300 

100 
80 
70 

300  to  400 
Over    400 

60 
50 

2.  Every  railway  bridge  shall  be  capable  of  carrying  on  each  track,  in 
addition  to  its  own  weight,  2  locomotives  coupled,  weighing  30  tons  on 
drivers  in  space  of  12  feet,  and  whose  total  weight,  including  loaded 
tenders,  is  65  tons  each  ;  said  locomotives  to  be  followed  by  so  many 
loaded  coal  cars  weighing  one  ton  per  lineal  foot,  as  will  cover  the  re- 
mainder of  the  span. 

3.  Bridges  shall  be  so  proportioned  that  the  above  loads  shall 
not  strain  any  part  of  the  material  over  one-fifth  of  its  ultimate 
strength. 

II. — The  signers  of  the  foregoing  report,  propose  to  cause  future 
bridges  to  come  up  to  the  standard  by  a  system  of  inspection,  the  in- 
spectors to  be  passed  by  the  Society  before  being  appointed.  The  under- 
signed believe  that  in  the  present  state  of  public  opinion  this  is  imprac- 
ticable. If  any  inspectors  arc  appointed,  it  will  be  by  political  influence, 
and  the  results  will  be  worse  than  at  present,  as  the  inspection   will    lie 
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inefficient,  and  yet,  to  a  great  extent,  relieve  the  owners  of  bad  bridges 
from  legal  responsibility. 

The  undersigned  consider  that  the  most  the  Society  can  hope  to  do, 
is  to  provide  means  in  case  of  the  fall  of  a  bridge,  by  which  the  responsi- 
bility of  imperfect  construction  (if  this  was  the  cause  of  the  accident) 
may  be  fixed  on  the  designers  and  builders,  and  iron  manufacturers. 

It  is  therefore  recommended  that  the  Society  prepare  and  present  to 
the  state  legislatures,  a  petition  embodying  the  following  data  : 

1.  That  the  standard  of  the  American  Society  of  Civil  Engineers  shall 
be  the  legal  standard,  and  in  case  it  shall  be  found  that  any  bridge  is 
of  less  strength  than  this,  it  shall  lie  taken  as  prima  facie  evidence  of 
neglect  on  the  part  of  its  owners. 

2.  That  no  bridge  shall  be  opened  for  public  traffic  until  a  plan,  giv- 
ing the  maximum  loads  it  was  designed  to  carry,  the  resulting  strains, 
and  the  dimensions  of  all  the  parts,  sworn  to  by  the  designers  and 
makers,  and  attested  by  the  signature  of  the  proper  officer  representing 
the  municipality  or  corporation  by  whom  it  is  owned,  be  deposited  in  the 
archives  of  the  Society,  and  that  the  principal  pieces  of  iron  in  the  bridge 
be  stamped  with  name  of  maker,  place  of  manufacture  and  date. 

The  result  of  this  will  be,  that  in  case  of  the  fall  of  a  bridge,  the 
responsibility  can  be  directly  and  easily  traced  to  the  right  party,  which 
at  present  cannot  be  done,  and  the  Society  should  willingly  aid  to  such 
a  purpose.  This,  it  is  recommended,  should  thus  be  done  ;  the  Society 
to  appoint  a  committee — with  compensation  to  be  fixed  by  law — which, 
upon  the  call  of  the  executive  of  any  state,  should  visit  and  report 
upon  any  fallen  bridge,  care  being  taken  that  no  parties  interested  in 
the  construction  of  the  bridge  be  upon  the  committee. 

It  is  believed  by  the  undersigned,  that  the  knowledge  all  bridge 
builders  would  have  that  their  misdeeds,  if  any,  could,  by  this  process, 
be  traced  home  to  themselves,  would  make  them  very  careful  in  the 
future,  and  eliminate  aU  failures  from  imperfect  design  or  material. 

As  to  the  inspection  of  existing  structures;  if  the  Society  assumed 
the  first  duty,  this  would  soon  fall  under  its  jurisdiction,  and  if  it  would 
volunteer  the  duty — in  case  any  plan  was  deposited  obviously  unsafe — to 
protest  against  it,  that  also  would  be  well ;  such  would  have  prevented 
the  fall  of  the  Dixon  bridge,  and  the  lamentable  loss  of  life  and  limbs 
there  occurring.  Thomas  C.  Clarke. 

February  1st,  1875.  Julius  W.  Adams. 
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REPORT  III. 

The  undersigned  differ  from  the  views  expressed  in  the  foregoing 
reports,  and  respectfully  present  the  following  : 

1.  The  members  of  the  committee  agree  that  it  is  meet  and  proper 
the  American  Society  of  Civil  Engineers  should  determine  the  standard 
of  strength  for  all  bridges  to  be  built  in  this  country,  and  they  further 
agree  in  the  main,  what  this  standard  should  be.  The  differences  in 
opinions  grow  out  of  the  methods  for  incorporating  this  standard  in  the 
every-day  practice  of  the  country.  Two  general  modes  present  themselves 
for  so  doing ;  the  one  legislative  and  compulsory,  and  the  other  looking 
forward  to  directing  public  sentiment  to  right  conclusions  by  a  thorough 
dissemination  of  the  adopted  standard. 

2.  The  undersigned  advocate  the  latter  method  as  the  true  policy  of 
the  Society,  believing  that  any  attempt  to  influence  the  enactment  of 
laws  that  would  be  so  far-reaching  as  the  ones  proposed,  is  impracticable, 
if  not  contrary  to  the  genius  of  the  Society  itself.  They  further  believe 
that  when  once  public  sentiment  is  aroused  by  the  publicity  which  should 
be  given  to  the  adopted  standard,  it  will  compel  the  passage  of  laws  cover- 
ing the  question. 

3.  The  undersigned  therefore  suggest  that  the  report  to  be  accepted 
be  simply  one  covering  a  standard  strength  for  all  bridges,  in  as  general 
terms  as  possible,  with  a  recommendation  that  such  standard  be  widely 
disseminated  by  circular  and  the  public  prints,  and  that  copies  be  dis- 
tributed among  the  legislative  bodies  of  the  several  states. 

The  following  standard,  culled  from  the  foregoing  reports,  is  proposed 
for  adoption  : 

4.  For  highway  bridges,  as  submitted  in  Report  I,  page  123. 

5.  For  railroad  bridges  :* — the  structure  shall  be  at  least  capable  of 
carrying  on  each  track,  in  addition  to  its  own  weight,  2  locomotives 
coupled,  weighing  30  tons  on  drivers  in  space  of  12  feet,  and  whose  total 
load,  including  tender,  is  65  tons  each.  Said  locomotives  to  be  followed 
by  as  many  loaded  coal  cars,  weighing  one  ton  per  lineal  foot,  as  will 
cover  the  remainder  of  the  span. 

Bridges  to  be  so  proportioned  that  the  above  described  loads  shall  not 
strain  the  several  parts  in  excess  of  one-fifth  or  one-sixth  of  the  ulti- 
mate strength.     In  determining  the  strains  produced  by  the  above  stand- 

*  Being  the  same  as  submitted  in  Report  II,  page  129. 


132 


ard,  it  is  to  be  understood  that  the  chord  system  is  to  be  computed  for 
a  uniform  loading,  while  the  web  strains  must  be  based  upon  the  irregu- 
larly distributed  or  concentrated  loads  produced  by  the  above  described 
train,  in  its  passage  from  one  end  to  the  other. 

The  following  table  represents  the  uniform  distributed  moving  load 
for  different  spans  : 


Span  ob  Panel. 

Pounds  per  Lineal. 
Foot  of  Track. 

Span  or  Panel. 

Pounds  per  Lineal 
Foot  of  Track. 

12  feet. 

5  250 

To  feet. 

3  000 

15     " 

5  250 

100     " 

2  750 

20     " 

5  000 

150     " 

2  500 

25     '• 

4  500 

175     " 

2  400 

30     " 

4  200 

200     " 

2  300 

50     " 

3  250 

200  to  300     " 

2  250 

The  extreme  panel  weight  for  all  spans  is  obtained  by  using  the 
standard  weight  per  foot  for  short  spans. 

6.  Under  the  standard  loading,  as  expressed  in  above  table,  materials 
should  not  be  strained  in  excess  of  what  is  submitted  in  Report  I,  page 
124. 

All  of  which  is  respectfully  submitted. 

Alfred  P.  Boller. 
March  1st,  1875.  Charles   Macdonald. 


REPORT  IV. 


While  agreeing  in  many  important  particulars  with  the  report  of  the 
Chairman  of  this  Committee,  the  undersigned  holds  the  views  expressed 
by  some  of  the  other  membi  >rs  regarding  the  expediency  of  compulsory 
legislation  on  the  subject.  It  is  believed  that  the  opinions  of  this  So- 
ciety as  a  body,  advanced  for  its  interest  and  benefit  and  that  of  those 
who  should  choose  to  be  governed  by  them,  wovdd  have  more  Aveight  and 
influence  than  though  the  Society  should  assert  itself  as  the  only  compe- 
tent authority  upon  bridge  construction.  If  this  Society  adopts  a  well 
defined  standard  of  strength  for  bridges,  it  is  believed  that  the  public 
generally  will  wish  to  conform  to  it,  and  engineers  even  who  are  not 
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members  will  be  glad  to  avail  themselves  of  the  united  opinion  of  so 
many  of  the  profession. 

There  seems  to  be  a  unanimity  of  opinion  among  the  members  of  the 
Committee  as  to  what  constitutes  the  ordinary  load  upon  a  railway  bridge, 
and  but  a  slight  difference  of  opinion  as  to  its  amount. 

From  an  examination  of  the  weights  carried  upon  many  of  the  princi- 
pal railways  in  the  United  States,  it  is  found  that  the  heaviest  engines 
weigh  about  2  830  pounds  per  foot ;  and  that  three,  and  sometimes  four, 
are  coupled.  The  heaviest  weight  on  one  pair  of  drivers  is  from  21  000 
to  24  000  pounds,  and  the  weight  on  all  the  drivers,  generally  not  exceed- 
ing 12  feet  wheel-base,  is  from  72  000  to  84  000  pounds.  The  heaviest 
trains  may  be  assumed  to  weigh  2  250  pounds  to  the  running  foot,  exclu- 
sive of  the  engines.  As  the  coupling  of  more  than  two  engines  is  mainly 
upon  snow  roads,  it  is  not  believed  they  should  be  included  in  a  general 
rule  for  proportioning  bridges,  but  should  be  classed  among  those  excep- 
tional cases  for  which  a  general  provision  cannot  be  made. 

In  view  of  the  above,  it  is  believed  that  aU  railway  bridges  shoidd  be 
proportioned  for  a  rolling  load  of  3  000  pounds  to  the  foot  for  the  total 
engine  length,  and  for  2  250  pounds  to  the  foot  for  the  remainder  of  the 
bridge  ;  that  the  bracing  on  each  system  should  be  proportioned  to  sus- 
tain 84  000  pounds  on  any  12  feet  of  track,  and  that  any  point  on  the 
track  shoidd  sustain  24  000  pounds. 

It  is  not  believed  that  the  system  of  expressing  the  loads  that  a  bridge 
should  carry,  by  so  much  per  foot  with  a  varying  amount  for  each  length 
of  span,  is  the  best  ;  but  if  such  a  standard  is  to  be  adopted,  the  table* 
in  the  report  of  the  Chairman  is  believed  to  be  the  best  of  those  given, 
although  it  is  somewhat  below  the  loads  actually  carried  by  many  roads 
in  this  country. 

The  floor-beams  of  railway  bridges  should  be  proportioned  for  not  less 
than  the  following  loads  : 


Spaces. 

Pounds. 

Spaces. 

Pounds. 

4  feet  apart,  or  less. 
6 
8 
10 

28  000 
31500 
35  000 
38  500 

12  feet  apart,  or  less. 
15 

More  than  15  feet  apart 

42  000 

45  000 
(  3  000 
( to  the  foot. 

*  Page  124. 
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The  following  table  is  offered  as  embracing  the  foregoing  loads  when 
reduced  to  so  much  per  lineal  foot  : 


Span  oe  Panel. 

Pounds  per  Lineal 
Foot  op  tback. 

Span  or  Panel. 

Pounds  pek  Lineal 
Foot  of  track. 

12  feet  or  under. 

7  000 

50  feet. 

3  000 

15  feet. 

6  000 

100      " 

2  800 

20    " 

4  800 

200      " 

2  600 

25     " 

4  000 

300      " 

2  500 

30     " 

3  600 

400      " 

2  450 

40     •' 

3  200 

500  or  over. 

2  400 

For  intermediate  lengths  of  span  the  proportional  number  of  pounds 
per  foot  shoidd  be  taken. 

These  loads  do  not  include  the  extraordinary  weights  that  are  some- 
times drawn  over  railways  in  this  country  ;  such  as  heavy  pieces  of 
machinery,  blocks  of  stone,  or  a  locomotive  of  different  gauge  on  a  truck 
car,  nor  more  than  two  engines  coupled.  These  are  exceptional  cases 
which  can  be  provided  for  when  they  may  be  expected  to  occur,  and  the 
weight  can  ordinarily  be  distributed  so  to  cover  a  sufficient  length  of 
track  as  not  to  exceed  the  loads  above  given. 

For  the  effect  of  wind,  the  maximum  strain  is  believed  to  be  about  40 
pounds  per  square  foot  horizontal,  and  about  20  pounds  per  square  foot 
vertical. 

For  highway  bridges,  the  following  table  is  offered  as  a  substitute  for 
that  given  in  the  report  of  the  Chairman*  for  the  three  classes  of  bridges 
named. 


Poiinds  per  Square  Foot. 

Spans 

(Intermediate  lengths  in 

proportion.) 

A. 

B. 

C. 

100  feet  and  under. 

- 

100 

75 

60 

200     " 

80 

60 

50 

300     " 

70 

50 

50 

400     " 

GO 

50 

50 

500    "    and  over. 

50 

50 

50 

*  Page  123. 
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The  floor-beams  and  flooring  should  be  of  sufficient  strength  to  sustain 
the  following  loads  on  four  wheels  : — Class  A,  24 — B,  16 — and  C,  8  tons 
respectively.  These  do  not  include  the  extraordinary  loads  sometimes 
taken  over  highways.  They  are  exceptional  cases  and  the  weight  can 
generally  be  divided. 

With  regard  to  the  factors  of  safety  to  be  used,  it  is  believed  that  a 
less  factor  is  required  for  the  permanent  and  unchanging  dead  load,  than 
for  the  vibrating  and  uncertain  live  load,  which  may,  by  accident,  be  in- 
creased beyond  the  limit  for  which  it  was  computed.  This,  together  with 
the  fact  that  a  larger  factor  for  the  dead  load  gives  no  additional  strength 
to  the  bracing  near  the  middle  of  the  span,  but  only  at  the  ends,  leads  to 
the  following  substitution  for  the  factor  offered  in  the  report  of  the 
Chairman. 

For  wrought-iron  and  steel  in  both  compression  and  extension — for 
the  dead  load  including  snow,  £ — for  the  live  load  including  wind,  £  the 
ultimate  strength. 

For  cast-iron  in  compression  only,  and  for  lengths  of  not  more  than 
20  diameters — for  the  dead  load  i,  and  for  the  live  load,  iL0  the  rdtimate 
strength.  For  large  masses,  as  in  arches,  a  factor  of  i  the  idtirnate 
strength  may  lie  adopted. 

Bridges  should  be  tested  with  the  maximum  loads  which  they  are 
intended  to  sustain.  A  less  load  would  seem  to  be  of  but  little  use, 
and  a  much  greater  one  might  unnecessarily  strain  the  structure.  The 
load  should  be  applied  gradually,  and  the  moment  any  undue  deflection 
or  crippling  is  observed,  or  the  slightest  diminution  in  the  transverse 
section  of  any  bar  is  occasioned,  the  load  should  be  immediately  removed 
and  never  repeated.  If  no  actual  rupture  occurs,  the  bridge  will  prob- 
ably be  safe  with  0.4  of  the  test  applied.  The  acceptance  of  all  bridges, 
after  being  constructed  with  proper  proportions  for  the  material  used, 
should  be  subject  to  such  a  practical  test. 

Theodore  G.  Ellis. 
April  20th,  1875. 
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ON  THE  FORM,  WEIGHT,  MANUFACTURE  AND  LIFE  OF  RAILS, 

A  second  Keport,  by  Ashbel  Welch,  C.  E.  (Chairman), 
Member  of  the  Society. 

Pkesentkd     May    5th,  1875.* 


The  members  of  the  Committeef  on  Rails  desire,  when  they  make 
their  final  report,  to  present  some  definite  results,  which  a  wide  expe- 
rience alone  can  establish.  They  therefore  earnestly  beg  their  profes- 
sional brethren  to  state  their  experience  on  the  subject,  in  response  to 
the  interrogatories  issued  by  the  Committee  last  year,  J  or  in  any  other 
way  they  may  think  best.|  In  the  meantime,  a  few  points  now  settled 
will  be  presented,  and  a  few  questions  raised  for  the  consideration  of 
the  Society. 

Forms  of  rails  on  the  same  principles  as  those  recommended  by 
the  Committee  have  been  adopted  on  three  of  the  great  railroad  systems 
of  the  country — the  Erie,  Lehigh  Valley  and  Pennsylvania.  The  Penn- 
sylvania has  also  adopted  the  plan  of  a  deeper  head  for  main  hues,  on 
nearly  the  same  base  as  a  shallower  head  for  branches  ;  the  base  for  main 
hues  is  4  $■  inches. 

The  Committee  considers  it  settled,  that  with  the  present  weights  on  a 
wheel,  a  thickness  of  the  middle  of  the  stem  of  seven-sixteenths  inch 

*  At  the  adjourned  regular  meeting  of  the  Society,  May  12th,  1875,  presented,  ordered 
printed,  and  set  down  for  discussion  at  the  Seventh  Annual  Convention  at  Pittsburg,  Pa., 
June  8th,  9th  and  10th,  1875. 

t  Appointed  January  8th,  1873,  to  determine  the  "the  best  form  of  standard  rail  sections 
of  this  country;  the  proportion  which  the  weight  of  rails  should  bear  to  the  maximum  loads 
carried  on  a  single  pair  of  wheels  of  locomotives  or  cars  ;  the  best  methods  of  manufacturing 
and  testing  rails  ;  the  endurance,  or,  as  it  is  called,  the  'life'  of  rails;  the  causes  of  the 
breaking  of  rails  and  the  most  effective  way  of  preventing  it,  and  the  experience  of  railways 
in  this  country  in  the  use  of  steel  rails." 

The  committee  consists  of  Messrs.  Ashbel  Welch,  of  Lambertville,  N.  J.,  M.  A.  Forney 
and  Octave  Chanute,  of  New  York,  and  I.  M.  St.  John,  of  White  Sulphur  Springs,  W.  Va. 

i  Referred  to  in  Proceedings,  Vol.  I.,  page  76. 

§  The  Chairman  of  the  Committee  is  instructed  by  his  colleagues  to  give  "particular 
Jesse"  to  the  members  of  the  Society  who  have  furnished  no  answers  or  information  ;  being 
utterly  unskilled  in  handling  that  terrific  weapon  (if  it  is  a  weapon),  he  asks  each  recusant  to 
consider  himself  the  recipient  of  a  tremendous  poke,  and  keep  the  fear  of  a  similar  punish- 
ment before  his  eyes  hereafter — if  he  continues  in  default. 
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for  steel,  and  one  half  inch  for  iron  is  sufficient ;  as  fully  proved  in 
both  cases  by  eight  years'  experience  with  high  speeds  and  heavy  traffic 
on  the  main  line  between  Philadelphia  and  New  York  ;  that  an  inclina- 
tion of  about  one  vertical  to  four  horizontal  for  the  under  side  of  the  head 
and  top  of  the  base  is  the  best ;  that  three-sixteenths  inch  is  sufficiently 
thick  for  the  edge  of  the  base  ;*  that  the  top  of  the  head  should  have  a 
convexity  given  by  a  radius  of  about  twelve  inches  ;  that  the  outer  cor- 
ners at  the  under  side  of  the  head  should  be  as  sharp  as  possible  ;  also 
that,  for  a  road  much  used,  the  fish-plate  should  be  steel  and  its  surfaces 
of  contact  at  the  top  and  bottom  as  great  as  possible. 

In  the  former  report,!  great  breadth  of  head  was  recommended,  be- 
cause with  a  given  weight  the  more  it  is  distributed,  the  less  the  injury 
done  by  it.  J  But  it  may  be  objected  that  as  the  wear  on  the  side  of  the 
head  in  some  cases  is  nearly  so  much  as  on  the  top,  the  diminished  depth 
necessary  to  give  increased  width  with  the  same  amount  of  metal,  coun- 
terbalances the  advantage  of  the  breadth.  But  the  endurance  of  injury 
from  the  pressure  of  a  given  weight  on  the  top  is  under  some,  perhaps 
not  very  unusual  conditions,  as  the  square  of  the  surface  compressed, 
while  the  endurance  of  shearing  on  the  side  is  probably  only  directly  on 
the  surface.  Besides,  the  wider  the  head  the  greater  the  aggregate 
amount  of  service. 

With  imperfectly  welded  iron,  the  angles  made  by  the  stem  with  the 
head  and  base  should  be  somewhat  filled  in,  and  the  joint  fastening  in 
that  case  made  at  the  base.  \ 

The  flange  of  the  rail  should  not  be  cut,  but  the  rail  kept  from  crawl- 
ing, by  straps  connecting  the  fish-plates  with  the  ties,  or  by  some  other 
similar  contrivance. 

Bails  should  be  symmetrical,  and  inclined  to  match  the  conical  sur- 
faces of  the  wheels,  by  dressing  off  the  top  of  the  tie,  as  is  the  practice 
in  many  parts  of  Europe.     This  can  be  done  at  trifling  cost  by  proper 

*  It  is  objected  to  this  very  thin  stem,  and  especially  to  this  very  thin  edged  base,  that  it 
cools  so  rapidly  in  rolling  as  to  make  the  metal  brittle ;  and  that  the  head  cools  so  much  more 
slowly  than  the  rest  as  to  create  a  permanent  strain.  Of  course,  this  tendency  exists,  and  it 
requires  some  care  to  prevent  its  reaching  a  practically  injurious  extent.  According  to  the 
argument,  not  only  such  rails  ought  to  break  in  two,  but  especially  the  thin  edges  of  the  base 
ought  to  break  off — but  they  do  not.  The  conclusive  answer  to  the  objection  is  eight  years' 
trial  under  heavy  traffic,  of  such  rails  (rolled  by  half  a  dozen  different  makers  in  England,  France 
and  America)  with  almost  no  breakage  at  all.  In  all  this  long  time  we  have  never  known  an 
edge  of  the  base  to  be  nicked.  The  permanent  strain,  if  there  is  any,  is  in  the  right  direc- 
tion, compression  of  the  base — perhaps  absolutely  adding  to  the  strength. 

t  LXXXVIII.,  Transactions,  Vol.  III.,  page  87.  tDo.  page  91. 

§  The  Fisher  &  Horris  joint  among  others,  has  proved  very  successful  for  this  purpose. 


138 

machinery.  It  prevents  the  hearing,  while  the  rail  is  new,  from  coming- 
only  on  a  narrow  strip  of  rail  surface,  which  brings  a  great  weight  on  a 
small  area,  both  of  rail  and  wheel,  crushing  the  metal  of  the  rail,  and 
wearing  a  groove  in  the  tread  of  the  wheel.  This  groove  in  turn  injures 
other  rails.  By  making  the  top  of  the  rail  nearly  a  plane  surface  and 
giving  it  the  proper  inclination,  a  large  area  of  contact  can  be  obtained 
from  the  very  first,  and  rail  and  wheel  both  preserved.  This  is  much 
better  than  to  round  the  head  more  thau  to  about  12  inches  radius. 

A  vicious  practice  prevails  extensively  among  tracklayers  of  fully 
spiking  down  the  rails  before  accurately  lining  and  leveling  up  the  track. 
If  the  track  is  crooked  when  it  is  spiked  down,  its  tendency  afterwards 
however  carefully  straightened,  is  to  come  back  to  the  same  crooks  it  had 
at  first. 

As  the  surfaces  of  contact  between  rail  and  fish-plate  are  liable  to  be 
worn  by  dirt,  sand  and  cinders,  lodging  places  for  those  substances 
should  be  avoided.  This  is  one  reason  for  bringing  the  sides  and  bottom 
of  the  head  nearly  to  a  sharp  edge,  so  as  to  leave  no  opening  between 
them  to  become  such  lodging  places.  Some  of  the  Committee  think  the 
fish-plate  should  not  be  concave  towards  the  stem,  thus  leaving  a  wide 
space  between  the  two,  which  becomes  a  hopper  to  hold  a  supply  of  saud 
to  be  ground  under  the  fish-plate.  Such  small  matters,  multiplied  so 
often  as  they  are,  become  important. 

Nothing  should  be  sacrificed  to  make  the  bottoms  and  tops  of  fish- 
plates alike.  It  would  be  advantageous  to  make  the  bottom  somewhat 
wider  than  the  top  can  be  made,  so  as  to  have  a  broad  bearing  surface  on 
the  base  of  the  rail,  say  an  inch  wide,  so  as  to  compensate  for  the  greater 
wear  by  sand.  &c,  at  the  bottom  of  the  plate. 

The  Chairman  lias  always  found  so  far  as  Ids  observation  went,  and 
has  long  believed,  that  the  joint  on  the  tie  makes  the  best  track.  His 
practice  was  to  place  these  ties  at  the  joint  so  close  together  as  to  allow 
for  tamping. 

With  bases  4  inches  wide,  ties  under  them  7$  inches  wide  and  2  feet 
from  centre  to  centre,  the  maximum  weight  on  the  wood  being  about 
400  pounds  per  square  inch,  good  white  oak  will  not,  under  ordinary  cir- 
cumstances, cut  or  wear  out  before  it  rots.  But  chestnut,  the  softer  oak, 
or  other  soft  woods,  unless  very  elastic,  should  not  have  more  than  250 
or  300  pounds  on  a  square  inch  if  the  road  has  a  heavy  traffic.  With 
such  ties,  the  rail  base  should  be  4£  inches  wide,  and  the  ties  more  fre- 
quent and  wide  than  otherwise. 
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It  is  objected  to  this  very  broad  base  that  the  increased  metal  adds 
nothing,  or  next  to  nothing,  to  the  strength  of  the  rail.  But  the  import- 
ant thing  is  bearing  siu-face  on  the  tie.  A  little  more  or  less  strength  is 
of  small  account  compared  with  the  even  bearing  given  by  uninjured  ties. 

The  plan  of  extending  the  bottom  of  the  fish-plate  beyond  the  outside  # 
of  the  base,  so  far  as  to  have  a  considerable  bearing  on  the  tie,  seems  to 
be  gaining  ground.  In  favor  of  this  plan  it  is  said  that  it  gives  lateral  as 
well  as  vertical  stiffness  to  the  joint ;  that  by  spiking  through  it,  the  rail  is 
kept  from  crawling  without  notching  the  bars  ;  and  that  it  increases  the 
bearing  surface  on  the  tie  at  the  joint,  just  where  it  is  wanted. 

The  two  first  of  these  objects  would  be  gained  by  letting  the  pro- 
jection extend  beyond  the  base  only  to  the  depth  of  the  spike  notch. 
Against  extending  the  projection  so  far  beyond  the  base,  as  to  bear  much 
on  the  tie,  it  may  be  said  that  it  increases  the  complexity,  and  therefore 
the  difficulty  and  uncertainty  of  fitting  ;  and  that  it  creates  cross  strains 
and  lateral  movements,  and  consequent  wear  of  the  bearing  surfaces. 
Let  b  c  hi  the  diagram  =  3  and  c  d=  2.25  inches,  the  coefficient  of  fric- 
tion of  the  metal  on  metal  0.333,  and  of  the  metal  on  wood  0.166,  and  the 
weight    on    b  =  6  000   pounds  = 


12  000  pounds  on  the  joint.  Sup- 
pose half  of  this  weight  comes  on 
the  metal  of  the  base  and  half  on 
the  wood  at  the  point  cl,  as  it  is 
liable  to  do  after  wear  of  the  wood 
under  the  rail. 

Then  the  tendency  of  the  bottom 
of  the  fish-plate  to  slide  outwards 

would  be  :  from  the  slope  of  the  base 


750    pounds,  from    the 


leverage  of  the  weight  on  d    '      — ^ — - —  =  2  250  pounds,  total  3  000 

o 


pounds 

on  the  iron  and 


The   friction  to  prevent  this,  would  be 
3  000 


— - —  =  1  000  pounds 


6 


500  pounds  on  the  wood,  total  1  500  pounds, 


whence  tendency  to  slide  outwards,  1  500  pounds.  If  the  bolts  are  not 
thoroughly  screwed  up,  the  plate  will  in  that  case  actually  slide  out 
when  the  pressure  is  on,  and  come  partially  back  when  it  is  removed. 
This  will,  of  course,  wear  the  metal  and  loosen  the  plate.  If  the  nuts  art- 
loose  so  that  the  plate  can  have  ever  so  small  a  rotary  motion  around  A. 
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the  metal  at  a  will  be  much  more  compressed  than  the  rest  of  the  shoul- 
der and  rapidly  indented. 

The  relative  value  of  these  considerations  for  and  against  this  plan 
can  be  decided  only  by  experience.  We  caU  attention  to  them  that  the 
results  of  experience  may  be  ascertained  promptly  and  completely. 

The  Committee  is  still  unprepared  to  say  much  about  the  manufacture 
of  rails.  Some  of  the  ablest  rail  makers  have  given  the  following  rides 
as  prominent  among  those  necessary  for  making  good  iron  rads. 

"Select  the  stock  best  adapted  to  each  part,  the  hardest  metal  for  the 
head,  the  strongest  for  the  base.  Use  only  gray  metal,  not  white.  Put 
no  old  rads  into  the  head  or  base;  puddle  thoroughly,  or  the  metal 
will  not  weld  thoroughly.  Cut  off  and  throw  out  all  ends  of  puddle 
bars  ;  make  the  top  slab  about  li  inches  thick — thicker  will  not  heat  be- 
fore the  small  bars  burn — pile  8  inches  square.  The  top  slab  shoidd  be 
four-rolled  (thrice  heated),  the  bottom  thrice-rolled  and  the  stem  twice- 
rolled  ;  no  puddle  bars  in  the  rail.  Each  heating  shoidd  be  uniform  and 
thorough  without  burning,  or  the  welding  will  be  imperfect." 

Specifications  are  of  little  value  if  the  puddling  and  heating  are  not 
faithfully  done.  An  unwise  saving  of  a  dollar  to  the  manufacturer,  or  a 
little  unfaithfulness  in  the  workmen,  will  probably  reduce  the  value  of 
the-rail  ten  or  twenty  dollars.  Ten  or  fifteen  per  cent,  added  to  the  or- 
dinary work  on  rads  would  double  their  value.  An  expert  rail-maker 
knows  this  very  well,  but  he  cannot  put  ten  dollars  extra  work  on  a  ton, 
in  order  that  it  may  be  worth  sixty  dollars  more  to  the  purchaser,  who 
will  not  allow  him  any  part  of  the  ten  out  of  the  sixty  he  makes.  The 
radroad  agent  who  purchases  may  also  know  all  this,  but  he  cannot  fol- 
low his  own  judgment,  for  he  knows  his  directors  will  say  he  paid  ten 
dollars  a  ton  more  than  the  market  price.  It  is  thus  that  the  interests  of 
stockholders  are  sacrificed. 

Steel  rails  should  contain  from  (>.:!  to  0.55  per  cent,  of  carbon,  accord- 
ing to  the  character  of  the  stock  and  the  hardness  that  may  be  safe  where 
the  rail  is  used.  On  a  good  well-ballasted  road-lied,  not  subject  to  harm 
with  the  frost,  much  higher  steel  would,  of  course,  be  proper  than  on  a 
badly  -ballasted  clay  foundation  road-bed  in  a  cold  climate. 

The  main  objection  to  very  heavy  heads  and  light  frames  below  is, 
that  the  thin  parts  cool  first  and  permanent  strains  are  created.  To  pre- 
vent this,  the  base  and  stem  may  while  cooling  be  immersed  in  sand  or 
some  other  slow  conducting  substance,  so  as  to  cool  no  further  than  the 
head.     It  woidd  also  be  well  to  clamp  the  rail  whde  cooling,  down  to  a 
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level  bed  against  a  straight  edge,  which  could  be  done  by  a  very  simple 
apparatus.     Many  good  rails  of  all  forms  are  ruined  in  straightening. 

The  holes  through  the  stem  should  be  drilled,  not  punched,  and  there 
should  be  no  notch  in  the  base.  Before  leaving  the  mill,  the  ends  of  all 
rails  and  also  all  fish-plates  should  be  tried  by  a  gauge,  and  if  from  un- 
equal shrinkage  _or  wear  of  rolls  or  imperfectly  removed  sand-burn  or 
other  cause,  they  are  not  accurate,  they  should  be  made  so.  Dressing  or 
filing  by  track-layers  wiU  not  make  a  sufficiently  accurate  fit. 

The  welding  of  iron  rails  may  be  very  thoroughly  tested  by  shearing 
off  a  short  piece  from  the  end.  Each  individual  lamina  will  tend  to  curl 
up  by  itself  and  separate  from  the  others,  and  will  do  so  if  the  welding  is 
not  very  perfect.  As  good  welding  is  one  of  the  essential  qualities  of  a 
good  iron  rail,  this  test  is  all  important. 

The  Chairman  of  the  Committee  was  so  much  surprised  to  find  so  lit- 
tle difference  in  the  loss  of  metal  in  iron  and  steel  rails,  that  since  the 
former  report  was  presented,  he  made  further  examinations  of  28  steel 
rails  rolled  by  John  Brown  &  Co.  and  7  iron  rails  roiled  by  the  Bethlehem 
Iron  Co.  The  steel  had  been  laid  from  four  to  seven  years,,  the  iron 
from  four  to  six  years,  all  on  the  main  line  between  New  York  and  Phila- 
delphia. To  all  appearance  both  steel  and  iron  were  as  good  as  when 
first  laid,  except  where  the  loss  of  metal  was  perceptible.  The  loss  of 
metal  per  annum  in  the  steel  was  from  a  few  hundredths  up  to  0.59 
pounds  per  yard,  averaging  0.29  pounds,  and  in  the  iron,  it  varied  from 
0.15  to  0.6  pounds  per  yard,  averaging  0.325  pounds.  In  the  examina- 
tions mentioned  in  the  former  report  the  averages  were:  steel  0.3,  iron 
0.38  pounds  per  yard.  This  shows  that  if  iron  was  perfectly  welded  and 
so  hard  in  the  middle  of  the  head  as  on  the  top,  and  never  loaded  so  as  to 
crush  or  condense  the  metal  (say  not  over  25  000  pounds  per  square 
inch)  it  would  wear  nearly  as  long  as  steel.  The  advantage  steel  has,  is 
that  it  has  no  weld,  is  probably  nearly  so  hard  in  the  interior  as  on  the 
surface  of  the  metal,  and  that  it  will  sustain  without  alteration  or  con- 
densation a  weight  per  square  inch  which  would  gradually  condense  and 
finally  destroy  the  iron. 

Ashbel  Welch, 

May  3d,  1875.  Chairman. 
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CXI. 


STATISTICS    OF    THE 


COST  AND  WORK  OF  PUMPING  ENGINES. 

A  Report  by  Goeham  P.  Low,  Jr.,  W.  Milnor  Roberts  and 
John  Bogart,  Members  of  the  Society. 

Presented  May  1st,  1875.  * 


The  Committee,  appointed  April  1st,  L874,  with  reference  to  a  com- 
parative examination  of  the  principal  pumping  engines  in  use,  reports 
that  to  circularsf  sent  to  most  of  the  water  works  of  the  United  States, 
answers  were  received  from  some  thirty  pumping  stations  ;  the  informa- 
tion thus  obtained  lias  been  to  a  great  extent  embodied  in  tabular  form, 
ami  is  herewith  submitted. 

From  the  nature  of  the  returns  received,  the  report  of  the  Committee 
is  not  such  as  was  at  first  contemplated,  but  it  is  hoped  that  the  informa- 
tion given  will  be  acceptable  and  useful  to  members  of  the  Society, 
when  considering  alternative  designs  for  water  supply  and  estimating  the 
cost  of  pumping'  at  different  places  and  under  different  circumstances. 

The  data  have  generally  been  furnished  by  persons  connected  with  the 

several  works,  to  whom  the  Committee  desires  to  return  its  thanks. 

Gouham  P.  Low,  Jr.,  ) 
W.  MujNOE  Roberts,   >  Committee.  J 
John  Bogart.  ) 

May  1st,  1875. 


Notes  on  the  Tables. 
Table  I  shows  the  dimensions  and  other  particulars  of  various  engines 
so  far  as  the  returns  admit  of  this  being  done.       Column  36  is  intended 
to  give  simply  the  cost  of  the  engines  and  boilers  in  place,  not  including 

*  At  the  adjourned  regular  meeting  of  the  Society,  May  l'2th,  1875,  presented,  ordered 
printed  and  set  down  for  discussion  at  the  Seventh  Annual  Convention,  at  Pittsburgh,  Pa., 
June  8th,  Oth  and  10th,  1875. 

t  Referred  to  in  Proceedings,  Vol.  I,  page  105. 

t  Mr.  William  E.  Worthen,  appointed  one  of  the  Committee,  declined  to  serve. 
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the  cost  of  foundations,  houses  or  chimneys.  Exceptions  are  noted  under 
the  head  of  remarks.  Many  of  the  engines  coidd  not  be  duplicated  at 
these  figures,  and  no  great  practical  value  can  be  attached  to  the  prices 
given.  Column  39  gives  the  usual  dynamic  head  pumped  against.  This 
head  varies  considerably  for  certain  engines,  and  in  another  place  more 
exact  averages  are  given  for  the  time  covered  by  the  reports.  The  line 
devoted  to  the  first  Cambridge  engines  (the  dimensions  of  which  are  not 
at  hand)  is  inserted  to  distinguish  the  style  of  engine  tested  by 
Messrs.  Graff  and  Smith,  from  the  compound  duplex  at  that  station. 
Similar  remarks  apply  to  other  parts  of  the  table  where  details  are  want- 
ing. The  Pittsburgh  engines,  the  largest  referred  to  in  the  table,  are  not 
yet  completed.  Those  which  do  the  pumping  for  Pittsburgh,  referred  to 
in  Table  III.  are  non-condensing  engines. 

Table  II  shows  the  duties,  or  number  of  foot  pounds  per  100  pounds 
of  coal  consumed,  of  various  engines  on  special  trials.  The  duties  'by 
evaporation  in  boilers'"  have  been  deduced  from  the  number  of  pounds 
of  water  evaporated  from  and  at  212  ;  the  evaporation  of  one  pound  of 
water  being  equivalent  to  715  812  feet  pounds.  The  duties  "by  pressure 
in  steam  cylinder  "  are  calculated  from  indicator  diagrams  ;  those  "by 
l)ressure  on  pump  "  allow  the  dynamic  head  pumped  against  and  the  dis- 
placement of  the  puinp  piston  or  plunger  ;  and  those  in  the  next  column 
allow  the  dynamic  head  and  the  actual  delivery  as  determined  by  weir 
measurement  or  other  means. 


Ratios  of  Woke  Done. 

Name  of  Engine. 

Boilers. 

Steam 
Cylinders. 

Pumps. 

Rising  Mains. 

Unity. 

.098 
.073 
.064 
.064 
.034 
.078 
.in; 

.082 

.069 

.06 

.053 

.032 

.068 

.087 

.124 

.138 

.08 

.077 

.057 

"          "    4 

.053 

"    5 

"    0 

.049 
.029 
.063 

.(.79 
.119 



.151 

.  129 

1 
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In  order  to  compare  the  engines  independent  of  the  boilers — in  the 
preceding  table — the  work  done  in  the  steam  cylinder,  at  the  pumps,  and 
at  the  rising  mains  has  been  expressed  in  the  ratios  of  the  work  done  in 
the  boilers  of  each  engine. 

It  will  be  noticed  in  Table  II,  that  the  total  amount  of  coal  consumed 
has  been  used  as  a  basis  for  the  calculation  of  duties.  Tin;  per  cent,  of 
combustible  in  the  fuel  has  been  in  some  instances  noted  under  the  head 
of  remarks.  Although  the  conditions  of  the  several  trials  are  not  exactly 
similar  in  respect  to  methods  of  firing  and  other  details,  they  are  suffi- 
ciently so,  for  purposes  of  general  comparison.  A  careful  examination  of 
the  records  of  the  several  tests  shows  that  no  differences  exist  that  would 
materially  affeci  the  results.  <  >n  the  trial  of  the  Brooklyn  No.  3  engine 
by  Messrs.  Worthen  and  Copeland,  the  amount  of  unconsumed  coal 
screened  from  the  ashes  was  nol  credited  to  the  engine,  should  this  be 
deducted  from  the  total  amount  of  coal,  as  was  done  at  most  of  the  other 
trials,  the  figures  in  the  column  of  duty  by  pressure  on  pump  would  be 
72  080  loo  instead  of  68  387  200.  and  the  other  duties  of  the  trial  would 
be  increased,  in  the  same  proportion.  The  Lowell  and  Lynn  duties  would 
also  be  increased,  were  the  engines  credited  with  the  unconsumed  coal 
which  passed  through  the  grates. 

Table  III  shows  the  engine  duty  and  cost  of  raising  one  million  gallons 
one  foot  high  at  various  pumping  stations.  The  ratios  in  column  d  are 
obtained  by  dividing  the  average  quantity  pumped  per  day  (column/") 
by  the  total  pumping  capacity  for  21  hours  of  all  the  engines  at  the 
station.  The  number  of  pounds  of  coal,  or  its  equivalent,  consumed,  as 
given  in  column  k,  does  not  include  the  small  amount  of  wood  used  in 
kindling  fires,  though  the  cost  of  such  wood  is  included  in  the  total  cost 
of  fuel  in  column  m.  The  Detroit  Water  Works  only,  among  those  here 
recorded,  use  wood  for  pumping,  and  its  value ,  as  compared  with  coal, 
has  been  determined  by  the  relative  amount  of  water  pumped  during 
the  time  of  record.     The  "  duty"  at  each  station  has  been  obtained  in 

every  case  by  the  formula  /)-=  - -£- — — ,  m  which  B  =  feet 

pounds  per  100  pounds  of  coal  consumed  ;  Q  =  number  of  gallons 
pumped  during  time  covered  by  report,  as  given  m  column  e;  8.34  = 
weight  of  a  gallon  of  water,  assumed  to  be  the  same  at  all  stations  ;  and 
H=  dynamic  head  as  given  in  column  h. 

The  total  cost  of  fuel  has  been  taken  directly  from  the  returns,  and 
for  purposes  of  comparison,  the  average  cost  per  ton  (net,  2  000  pounds) 
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lias  been  obtained  by  dividing  the  total  cost  by  the  number  of  tons  of 
coal  consumed,  and  the  result  given  in  column  n. 

The  cost  exclusive  of  interest,  of  raising  each  million  gallons  one 
foot  is  given  in  cents  in  column  s.  The  manner  in  which  this  total  cost 
is  obtained,  is  by  multiplying  the  number  of  gallons  pumped  during  time 
of  record  by  the  dynamic  head,  and  dividing  by  the  total  cost  for  attend- 
ance, repairs,  fuel,  and  miscellaneous  items.  The  cost  for  each  of  these, 
is  given  in  the  preceding  four  columns.  The  figures  given  in  the  column 
of  repairs  are,  of  course,  rather  unsatisfactory,  as  a  large  number  of 
years  should  be  covered  by  the  report  to  give  a  fair  idea  of  the  average 
cost.  In  some  cases  repairs  have  not  been  separated  from  "  miscella- 
neous," which  includes  cost  of  oil,  packing,  small  stores,  and  all  items 
not  charged  under  the  three  other  heads. 

For  the  reasons  before  given,  in  referring  to  the  cost  of  engines  and 
boilers,  no  great  value  can  be  attached  to  the  columns  t,  u  and  v.  In 
some  cases  where  engines  have  been  rebuilt,  the  cost  has  been  added  to 
the  original  cost,  and  in  other  cases  the  cost  of  extensive  repairs  has 
not  been  so  added.  The  information  on  hand  is  not  sufficient  to  enable 
the  Committee  to  reconcile  these  differences  on  a  fair  basis,  and  this 
portion  of  the  table  is  inserted  for  purposes  of  rough  comparison  only. 

In  getting  the  duties  and  cost  of  pumping,  as  given  for  the  Holley 
Works  at  Dayton  and  Columbus,  no  allowance  has  been  made  for  extra 
fire  pressure,  but  such  allowance  would  make  no  appreciable  difference  in 
the  figures  given.  In  Dayton,  in  1S73,  the  fire  pressure  of  95  pounds 
was  on,  but  19  hours  in  the  whole  year. 

The  following  gives  approximate  differences  of  elevation  between 
the  surfaces  of  water  in  pump-wells  and  reservoirs  at  some  of  the  pump- 
ing stations  referred  to,  in  Table  III. 


Station. 

Feet. 

Station. 

Fket. 

159.5 
147. 
165. 
157.88 

77. 
154.5 
162. 

115. 
112. 
118. 
180. 

"                     "          1873 

"              24th  Ward     . 

334.3 
115 

235. 
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To  show  the  variations  in  the  cost  of  pumping  iu  different  years  at 
the  same  station,  the  following  furnished  by  Mr.  Graff,  is  inserted  ; 
giving  total  costs  in  cents,  exclusive  of  interest,  to  raise  one  million  gal- 
lons one  foot  high  at  the  several  works  of  the  city  of  Philadelphia  for 
the  years  18(37  to  1873,  both  inclusive  ;  the  actual  and  not  dynamic  lift  is 
used  :x' 


Works. 

18G7. 

1868. 

1869. 

1870. 

1871. 

1872. 

1873. 

Aver- 
age. 

2.2 
11.1 
29.2 

8.1 

1.8 
9.9 

24.8 
7.2 

2.2 
11.3 

18. 
12.1 

1.9 
10.6 
17.6 
11.8 

8.1 

1.4 
10.9 
19.9 

1.9 
11.3 
13.2 

2.3 
17.4 
13.2 

1.95T 

Schuylkill 

11.8 

19.4 

24th  Ward 

9.8 

8.5 
12.7 

7. 
9.9 

7.7 
9.9 

7.8 

10.8 

The  difference  in  the  duty  obtained  on  special  trial,  and  on  yearly 
work  with  the  Lowell  engine,  is  attributed  to  the  fact  that  the  supply  is 
drawn  from  a  filter  gallery  which  does  not  furnish  a  sufficient  amount  of 
water  for  constant  pumping. 

The  excessive  cost  of  pumping  for  direct  service  seems  to  warrant  a 
considerable  expenditure  for  reservoirs  where  they  are  practicable. 

*  A  description  in  detail,  and  study  of  the  peculiar  circumstances  connected  with  these  dif- 
ferent pumping  engines,  which  show  such  differences  of  cost  for  pumping  would,  if  attainable, 
add  to  the  value  of  the  report. — W.  M.  R. 

t  In  the  case  of  the  Fairmount  Water  Works,  where  the  pumping  is  done  by  the  water 
power  of  the  Schuylkill  river  at  the  very  low  cost  of  2  cents  per  million  gallons  pumped  one 
foot  high,  the  interest  on  the  original  cost  of  the  works  is  not  included. — W.  M.  R. 
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Table   N"o.    2,   Snowing  Duties   of  Various   Pumping   Engines   on   Special   Trials. 


DUTIES   PER  HUNDRED   LBS.  COAL. 


■3   1  £ 


REMARKS. 


Rrookl>n,  N.  Y.,  No.  1,  beam 

"               '■        "      1,  altered  to  beam  and  fly  wheel. 
"  *'        "      2,  beam 


"      3.      "'      and  fly  wheel 

"      3,      " 
Ml.  Prospect,  beam  and  fly  wheel. 


Cambridge,  Mass.,  horizontal  compound 

Cincinnati,  O.,  No.  3,  combination  non-conden 
"  "      "    4,  condensing 


"  "      "    6,  vertical  direct  acting,  Shields.,... 

Fall  Rivet.  Mass.,  horizontal,  crank  and  fly  wheel 

Hartford,  Conn.,  crank  and  beam 

High  Bridge,  N.  Y..  direct  acting  vert.,  with  fly  wheel. 

I  iv  (Hellville),  N.J. ,  Cornish 

Lowell,  Mass.,  Simpson  compound  beam  and  fly  wheel. 
Lynn,         "      Leavitt  "  "  "        " 

Newark  (Belleville),  N.  J.,  compound  duplex 

New  Bedford,  Mass.,  McAlpine  beam  and  fly  wheel... 

Providence,  It.  1.,  Corliss,  (radial! 

"      compound  duplex 

Philadelphia,  Pa..  Belmont,  compound  duplex 


8.51 
8.41 


(134  686  013 

027  227  803 
03?  669  200 


12.425        020  On  410 


11.082 
10.00 
10.1318 


826  oos  am 

T50  2S0  872 
755  641  802 


9.104   678087846 


40  005  005 
4O145  0S5 
40  500  405 


04  957  700 
08  404  200 
71  278  480 
43  500  178 
37  789  090 
34  004  977 
23  580  687 
49  245  ISO 
02  001  715 
08  974  549 


00  040  500 
00  418  011 
54  395  263 
04  14?  194 
00  875  994 


30  172  001 
32  909  010 
30  793  052 


72  115  390 
93  003  273 
103  923  215 
77  157  840 
59  330  497 
25  865  740 

53  528  210 

54  416  694 


64  795  200 
05  524  0-19 
89  007  090 


25  176  384 
50  574  955 


Messrs.  Smith,  Graff  and  Worthen,  January,  1800. 
J.  P.  Kirkwood,  October,  1871. 
W.  E.  Worthen,  1801. 
J.  P.  Kirkwood,  1871. 

Messrs.  Worthen  and  Copeland,  1809.    Loss  of  action  of  pumps,  6.3. 
J.  P.  Kirkwood,  October,  1871. 
W.  E.  Worthen,  Mav  13th— 17th,  1368. 
"     16th— 17th,  1303. 
Mcssis.  Graff  and  Smith,  1857. 
Per  cent,  of  combustible  in  coal,  95.3 ) 

93-3-  'Boilers  used  in  common I 

90.2.  I  \  Hermany. 

Boilers  of  batteries  5&  0.  used  in  getting 


03.6.  ■ 


verage  duty:  alio 
mount  evaporated  by  < 


nbcr.  1S50. 


altered  by 


Messrs.  Copeland  ami  Worthen,  Dccet 

\  Messrs.  Graff  and  Worthen,  July,  18; 

I     and  reducing  clearance. 
Horatio  Allen;  duty  in  last  column  by  actual  lift;  no  allowance  for  friction. 

Messrs.  Copeland  and  Worthen,  1856. 

Very  I  lose  approximation.  Per  cent,  of  combustible  in  coal    8"). 3. 

W.  E.  Worthen  and  others,  1873.  "  "  "     90.9. 

Mr.  Bailev,  1870. 

Messrs.  lloadley,  Francis  and  others,  1809.     Per  cent,  of  combustible  in  coal,  82. 
Messrs.  Smith,  Graff  and  Reynolds,  1874.    Direct  service;  no  stand  pipe. 
"  it  ,i  ii  o        Reservoir. 


crnor  and  heater, 


Table     No.     33     Showing;     Engine     Duty     and     Cost     of    Raising    Water     at     Various     Pumping     Stations 


Detroit,  Mich..  No.  1  &  2 


Kail  River.  Mass.. 

Jersey  City  (Belleville).  N.J. 

Louisville.  Ky 

Lowell,  Mass 


New  Beit  ford,  Mass 

Pittsburgh,  Pa., lower w'h 

delphia,  Fatrmouiit. 

Delaware . 

Schuylkill.'! 

ait  1 1  War.!.! 


1,  U&3.      1878  I    365       .31 


1873       3<.!>       .1 


Pi 


h  ■•  i.  m..~    lluni.-K       i*7i 

1875  306        153 

1878  365  818 

Hrooklyn.N.Y    Kidne I     1W  :ji.-.  33 

1871  8115  .37 

1878  896        II 

Cbarlestown.  Mass. .  l*ci  865  .8 


Cincinnati.  O. 
Cleveland.  O. 
Culutnbii...  0. 


1874       3115       .IK 


177  HU21H 
I  mil  mill  urn 
051  259  r.ls 


I  II7II  555  !B5 

I  I73HIJ775 
180  0K3  7112 


1425  137  177  rj  1-J3  HI5V3 

I  H4tl  5211 .591      2K67  196 

7  1I1II410  51I4  21  KIM  552 

K71753K594  

427  935  I  NTH  2  325  734 
1864109881  3  737  287 
I  5!K.2IS47J  137.1  1"7. 
1  MS3SI1 

1177  717  190       1  s:,r,  75' 


,.25  .Mil 

"l»l:J>; 

07869! 

s  '.,lli  2M 
.,.311  111 

■  •■••;  ins 

..  17KK0II 


'■711  'ISs 

988891 

mm 


!i  «I2  410 
II  Mil  911 


179-2  4112         2H92  112 


COST    OF    FUEL. 


I 


T7KK2I       I,,  HI 

939080       I'll   in 

I,,!* 

1648801       168.99 

1  118  669      131  57 


,  sui7,K 
:  881  1S6 

MH17  511 
."."11  IBS 
032  743 
I  658  Iks 


Pittston  hil 
Anthrai  ite 


111S.5S7  22  233  3S1       s  2  11111  7' 


2n  1121  51 1 1 
II  11)11 1101 
3  1151  924 


3  Hill  7H7 

4  2-351 
1 1131  7 


3  431  33 

ITl'lll 


31  75KI122        22  l.'lii  15 


K317        29  497  1165 


COST  IN  CENTS  PER  MILLION'  GALLONS 
RAISED  ONE  FOOT. 


3S15 
3.1)75 
3  232 


10.446 

111  ins 
13  His 


211 197 
11.480 
,,  286 
14471 

s  His 
in  in: 

7.34 
14.503 


12  i  ..,<»> 
71  ii  Ml  on 
112  [III  Oil 


511  Ills  25 
.59  01.3  25 
32  800  00 


tlnl   IU'lsl         >2s  | 

611919  81  28  130  4 


Two  horizontal  [ 


letter  lrom  SuperinlendenL 
.  taken  as  equal  in  1810  lbs.  •• 


7   7'2s  III.  1   si,  eneines,   stau. I  pipe  nil, I 

■'-'■>•  Works. 

'     s[  ,,l  puinpinEt  ns 
19.0891 
41.138 1 

18.6     / 

■  311,7    -    W 1  .in.l  ,..al  1,  ,,U,  ns,..l:  ,,,,,- .,,.[,1.  ,f.™l  is  taken 

1 1  mi:  i 

llni'  1 7,,,,t;il  ,1, ml, Is'  ['n^int'i  slim. I  pipe,  -lire,  1  seiv 

Three  I.  ..rnlsli  e  n^inus    siand  pipe  I  reservoir. 

15  913  1     T 

15  297."     '"'" 

Qg*<Mg      One  compound  beam  engine,  "Simpson." 

IL686I        i,..„i„" 

12233  1  i.ea.itt. 

il'i.'.ii  ■      M,  Alpine      "         "        two  years;  reservoir. 

|     Apr,,\ininiei  i, , as   actual  lift  and  displacement  dclivc 
-    Actual  lift  used. 

I  In,      ,,.,,-,    .ndensiin:  ii  ml  .me  r.  ,,l,lensi,l2  en  nine;   ,   . I  in,  ,1,1  in.l  i  v  I  e  pail- 

Tv.  o 


Indie 

nlensiiie  , 


lisl,  side 
land  pip, 


...      line,    U  ..illilnnt.,,!  duplex  enelnl'S, 
is  :i.sr,       I  in,  "  "       engine;  r 

is  s  p,v,j  ■•  "      engines; 


B7xtraordlnary  rcpaO 
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cxu. 


KAILWAY    SIGNALS. 

A  Report  by  J.  Dutton  Steele,  C.  E.  (Chairman), 
Member  of  the  Society. 

Presented  May  5th,  1875.* 


The  Committee  on  Railway  Signals,  appointed  at  the  Sixth  Annual 
Convention!  of  the  American  Society  of  Civil  Engineers,  report  as 
follows  : 

Circulars,  dated  September  15th,  1874,  X  were  issued  to  the  railway 
companies  of  the  United  States  asking  for  information  as  to  the  systems 
of  signals  in  use  upon  their  several  roads  ;  these  have  generally  been  re- 
sponded to,  and  the  Committee  is  thus  placed  in  possession  of  the  knowl- 
edge necessary  to  a  comprehensive  view  of  that  department  of  railway 
service  in  America. 

In  October,  1866,  Mr.  Ashbel  Welch,  Chairman  of  a  Committee  on 
Safety  Signals,  made  a  report  to  a  convention  of  railway  officials  at  the 
St.  Nicholas  Hotel,  New  York,  which  was  adopted  by  the  Western  & 
Southern  Railway  Association  in  July,  1872.  The  following  extracts 
from  that  report  show  the  importance  given  to  certain  general  principles 
which  should  be  kept  in  view,  and  which  your  Committee  adopts  as  the 
basis  of  this  report. 

"  Where  there  is  great  liability  to  a  break  in  the  track,  or  such  ob- 
struction upon  it  as  would  cause  serious  disaster  if  undiscovered,  such  as 
a  drawbridge,  tunnel  or  crossing  at  grade  another  railroad,  the  thing 
should  be  presumed  to  be  wrong  until  the  engineer  has  affirmative  evi- 
dence that  it  is  right." 

*  At  the  adjourned  regular  meeting  of  the  Society,  May  12th,  1875,  presented,  ordered 
printed  and  set  down  for  discussion  at  the  Seventh  Annual  Convention,  at  Pittsburgh,  Pa.. 
•Tune  8th,  9th,  and  10th,  1875. 

t  "To  enquire  into  the  various  systems  of  signals  in  use  upon  the  several  railways  of  the 
United  States,  and  to  report  at  the  next  Annual  Convention,  with  such  recommendations  as 
may  seem  important  " 

The  committee  consists  of  J.  Dutton  Steele,  of  Pottstown,  Pa.,  Octavo  Chanutc,  of  X.'v, 
York,  and  Charles  Fisher,  of  Albany,  N.  Y. 

t  Reprinted  in  Proceedings,  Vol.  I.,  page  141. 
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' '  On  important  double-track  lines  of  railroads,  we  recommend  that 
telegraph  signal  stations  should  be  established  at  intervals  somewhat  less 
than  the  shortest  that  are  permitted  between  trains  going  in  the  same 
direction,  and  each  train  passing  such  station  should  be  informed  by 
signal  that  the  preceding  train  going  in  the  same  direction  has  passed 
the  next  signal  station,  or,  in  the  absence  of  such  information,  stop  for 
explanation,  or  proceed  under  proper  regulations,  expecting  to  overtake 
the  disabled  train.  The  display  of  a  danger  signal  for  a  given  number  of 
minutes  after  the  passage  of  a  train  is  not  sufficient,  for  the  attendant 
may  neglect  to  make  it,  the  engineer  may  fail  to  observe  it,  or  if  made 
and  observed,  and  the  proper  time  has  elapsed,  the  preceding  train  may 
have  broken  down,  and  in  the  confusion  attending  upon  the  accident, 
no  warning  may  have  been  sent  back,  or  if  sent  back  may  not  be  seen. 
*  Probably  not  one  cause  of  disaster  is  so  frequent  on  the  main  lines 
of  railroads  as  one  train  running  into  the  rear  of  another." 

"Drawbridge  and  switch  signals  should  not  be  in  the  hands  of  men, 
but  connected  with  the  structures  themselves,  so  that  they  cannot  show 
right  when  the  thing  is  wrong." 

"  Signal  men  should  be  so  circumstanced  as  to  keep  cool  and  alert, 
not  distracted  by  too  many  engagements,  and  they  should  be  comfortably 
sheltered.  A  brakeman  sent  back  with  a  red  light  when  the  thermometer 
is  ten  degrees  below  zero,  is  a  very  unsafe  guard  against  danger." 

"  Signals  and  safety  regulations  should  be  uniform  for  each  road,  and 
as  far  as  possible  for  all  roads,  especially  for  roads  connected  with  each 
other.  The  apparatus  and  mode  of  working  should  be  minutely  de- 
scribed and  carried  out  with  precision." 

The  Committee  is  also  in  receipt  of  the  paper  of  Mr.  Richard  Christo- 
pher Rapier  upon  the  same  subject,  read  March  31st,  1S74,  before  the 
Institution  of  Civil  Engineers  *  (of  England),  from  which  not  only  much 
valuable  information  has  been  obtained,  to  which  reference  will  be  made, 
bul  if  anything  was  necessary  to  impress  upon  this  Society  the  import- 
ance of  the  subject,  it  is  to  be  found  in  the  fact  that  this  elder  association 
has  been  engaged  during  the  past  year  in  an  elaborate  investigation  of 
the  European  practice. 

The  Committee  has  also  received  from  Seimens'  Brothers,  the  emi- 
nent electricians  of  London,  pamphlets  which,  descriptive  of  their  Auto- 
matic Electric  Railway  Signal  apparatus,  have  been  placed  in  the  library 
of  the  Society.  This  system  has  been  in  a  progressive  state  in  Europe  for 
a  quarter  of  a  century,  and  under  their  able  guidance  seems  to  have 
attained  a  degree  of  perfection  which  promises  valuable  results  in  densely 
settled  districts. 

*  Minutes  of  Pro-eediugs  of  the  Institution  of  Civil  Engineers,  Vol.  XXXVIII,  page  142. 
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The  attention  of  the  Committee  has  also  been  called  to  the  Automatic 
Electric  System  of  Mr.  Thomas  S.  Hall  (which  is  being  introduced  upon 
some  of  the  roads  in  the  vicinity  of  our  large  cities)  and  to  various  other 
specific  devices  which  are  worthy  of  notice. 

As  the  American  nomenclature  does  not  appear  to  be  very  clearly 
defined  in  its  application  to  signals,  some  explanation  of  the  terms  that 
will  be  used  in  this  report  is  necessary. 

The  Block  System,  which  is  coming  into  use  on  the  principal  roads  in 
Europe,  is — dividing  the  roads  into  blocks  or  sections,  at  each  end  of 
which  there  is  a  block  station,  either  in  view  of  or  connected  with  another 
by  telegraph,  by  which  a  train  is  prevented  from  entering  upon  one  end 
of  the  block  or  section  until  the  train  preceding  it  has  passed  out  of  the 
other.  In  this  country  we  have  not  yet  reached  that  degree  of  perfec- 
tion, but  all  signals  which  have  for  their  object  checking  the  movement 
of  trains  on  account  of  obstructions  ahead,  block  the  road  either  in  point 
of  time  or  space,  and  therefore  are  spoken  of  herein,  as  fixed  or  block 
signals,  whether  they  refer  to  bridges,  tunnels,  crossings,  curves  or  other 
.standard  obstructions,  and  whatever  may  be  their  character. 

Automatic  Signals  are  such  as  are  moved  by  the  passing  train,  either 
by  an  electric  current  being  broken,  or  connected  by  some  means  with 
the  stations,  or  by  similar  mechanical  arrangements. 

Station  Signals  are  such  as  are  used  at  the  established  stations  of  the 
road,  either  to  announce  to  passing  trains  some  order  or  intelligence,  or 
to  direct  their  movements  into  sidings  or  yards. 

Train  Signals  are  such  as  are  used  upon  the  trains  either  in  motion  or 
at  rest,  as  a  means  of  communication  between  the  engineer  and  the  con- 
ductor,  crew  or  police. 

Switch  Signals  are  such  as  indicate  the  position  of  the  switches  as  to 
safety.  &c. 

The  apparatus  for  signaling  is  as  follows  : 

Semaphores  arc  posts  of  various  heights,  upon  which  are  placed  one  or 
more  movable  arms  and  lights,  the  position  and  color  of  which  announce 
to  the  approaching  train  the  necessary  intelligence. 

Vanes  are  signals  of  two  or  more  faces,  with  lights  of  different  colors, 
having  a  full  horizontal  rotary  motion  by  which  either  face  is  brought  in 
view  of  the  approaching  train. 

Balls  are  light  balls  and  lamps  of  several  colors,  hoisted  by  pullies  to 
a  mast's  head. 
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Targets  are  discs  with  two  faces,  either  stationery  or  having  a  quarter 
circle  rotary  motion,  and  provided  with  lights  or  otherwise. 

Audible  Signals  arc  by  whistle,  gong  or  torpedo. 

Color  Signals  are  by  flags,  lamps,  vanes,  semaphores",  balls  or  targets. 

Hand  Signals  are  made  by  motion  either  of  the  hand,  arm,  flag  or 
lamp. 

In  treating  these  several  kinds  of  signals  as  they  are  in  use  upon  the 
roads  in  this  country  and  in  Europe,  the  Committee  may  find  occasion  to 
refer  to  several  specific  devices  which  have  been  brought  to  its  notice  ; 
and  in  describing  the  American  practice  as  we  find  it,  it  is  not  proposed  to 
burden  this  rep<  >rt  with  the  mass  of  detail  which  has  been  kindly  furnished 
in  response  to  the  circulars,  and  which  was  necessary  to  an  understanding 
of  the  subject,  but  to  select  a  few  of  the  most  important  roads  covering 
the  several  systems,  more  with  a  view  of  showing  the  variety  of  prac- 
tice than  the  merits  of  the  cases  described;  in  treating  the  audible 
signals  not  more  than  three  notes,  signifying  "  stop,"  "  start  "  and  "go 
back,"  shall  be  considered,  as  they  are  all  that  are  important  in  governing 
train  movements. 

American  Practice. — Philadelphia  &  Reading  Railroad. — This  is  a 
double-track  coal-bearing  road,  100  miles  long,  over  which  100  trains 
are  passed  daily — chiefly  heavy  coal  and  freight  trains  one-fourth  of  a 
mile  in  leng-th,  intermixed  with  fast  passenger  trains.  It  is  not  blocked, 
in  the  full  sense  of  the  term,  except  at  tunnels  and  where  single  tracks 
are  occasionally  used,  but  there  are  frequent  block  stations  at  curves  and 
at  dangerous  points,  called  "signal-towers,"  from  30  to  50  feet  high,  as 
shown  by  Figs.  1,  2. 

On  the  tops  of  these  towers  are  two  vanes,  each  with  three  faces — red, 
white  and  blue,  signifying  danger,  safety  and  caution — which  are  lighted 
at  night  by  "Luberg  lanterns,"  consisting  of  sheet-iron  cylinders  in  the 
angles  and  centre  of  the  vanes,  into  which  the  lamps  are  raised  by  pullies 
after  they  have  been  lighted  in  the  room  below.  These  vanes  are  separ- 
ated by  a  black  board,  against  which  the  lights  and  colors  are  clearly 
seen,  and  this  division  permits  the  two  vanes  to  be  used  to  direct  the 
movement  of  trains  in  opposite  directions  at  the  same  time.  They  are 
turned  by  simple  levers,  working  upon  round  tables  in  the  watchman's 
room,  upon  which  are  painted  colors  corresponding  with  the  colors  of 
the  vanes  and  lights,  so  that  the  lever  being  locked  upon  any  given  color 
on  the  table,  the  same  color  upon  the  vane  is  known  to  be  facing  the 
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approaching  train.  At  some  dangerous  points,  these  signal-towers  are 
in  sight  of  each  other,  and  at  the  tunnels  they  are  connected  by 
telegraph  wires,  and  no  train  is  allowed  to  enter  either  end  whilst  another 
is  in  the  tunnel  moving  in  the  same  direction.  The  tunnels  are,  there- 
fore, blocked  in  the  full  sense  of  that  term.  At  the  grade  crossings  the 
towers  are  set  in  the  angle  of  intersection  of  the  two  roads,  and  have  one 

vane  with  four  faces  and  two  colors,   arranged  thus  r     r  so   that   with 
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every  turn  of  the  vane,  one  road  is  blocked  when  the  other  is  open, 
and  neither  road  can  be  opened  without  at  the  same  time  the  other  being 
blocked.  When  the  approaches  are  obscure,  both  at  the  tunnels  and 
crossings,  repeating  stations  are  placed  at  suitable  distances. 

At  the  crossing  of  the  Philadelphia  &  Trenton  Bailroad  there  is  a 
modification  of  this  appliance,  which  is  shown  by  Figs.  3-6,  and  is  thus 
described  by  Mr.  Ashbel  Welsh  in  the  report  previously  referred  to  : 

' '  A  hollow  cylinder,  so  elevated  as  to  be  seen  by  all  concerned,  has  four 
openings,  one  each  way  for  each  road.  Through  these  a  revolving 
cylinder  is  seen,  with  a  light  in  it  by  night,  in  which  two  opposite  spots 
are  white,  aU  the  rest  red.  When  white  is  seen  through  the  openings 
toward  one  road,  allowing  the  trains  to  proceed,  red  will  be  shown 
through  the  others,  and  while  it  is  being  shifted,  or  when  no  train  is- 
approaching,  red  will  be  seen  through  all.  No  train  is  to  proceed  until 
the  white  is  shown." 

Semaphores  are  used  as  station  signals,  but  only  in  a  very  subordinate 
way,  and  the  switches  are  without  signals  except  of  the  most  primitive 
character,  which  can  only  be  accounted  for  by  the  extensive  and  con- 
stantly flowing  business  which  enables  an  unusual  amount  of  police 
attention  with  hand  signals  to  be  given  to  points  where  danger  wordd 
arise  from  their  misplacement. 

Targets,  with  red  and  white  discs,  are  used  by  the  repairs-men  ;  they 
are  attached  to  pointed  iron  rods  which  are  fixed  in  the  ground  at  stated 
distances  from  the  obstructions,  so  that  the  red  stops  the  movement  of 
trains  on  one  track  whilst  the  white  allows  them  to  proceed  on  the  other. 

Audible  signals  by  whistle  are — one  note,  stop  ;  two,  start ;  three,  go 
back  ;  and  the  gong  signals  correspond.  Torpedoes  are  used  as  fog  and 
danger  or  obstruction  signals. 

Color  signals  ar< — red,  stop  ;  white,  proceed  ;  blue,  caution. 

Hand  signals  are — horizontal  motion,  stop  ;  vertical,  proceed  ;  circu- 
lar, go  back. 
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Philadelphia,  Wilmington  A'  Baltimore  Railroad. — There  is  an  unusual 
variety  of  signals  upon  this  road. ;  those  used  at  stations  are  shown  by 
Figs.  7-12;  on  the  road  generally,  by  Figs.  13-15,  and  at  draw-bridges  by 
Figs.  16, 17.  At  intersections  and  crossings  of  other  roads,  balls  are  used, 
as  shown  by  Figs.  18-21. 

The  audible  signals  are  also  variable  ;  trains  at  rest  being  governed 
by  one  set  of  notes,  when  in  motion  by  another,  and  the  bell  and  whistle 
signals  do  not  correspond ;  torpedoes,  hand  and  standard  fuses,  are  used 
as  danger  signals. 

New  York  Central  tfc  Hudson  River  Railroad. — This  line  has  not  an 
elaborate  system,  being  worked  largely  by  hand-signals.  Semaphores 
are  used  to  direct  the  movement  of  trains  over  the  several  entrances  into 
New  York,  and  the  same — at  draw-bridges.  All  signals  are  kept  standing 
at  danger,  and  are  only  changed  to  safety  when  the  way  is  clear.  Audible 
signals,  by  whistle  and  gong,  are — one,  stop  ;  two,  start ;  three,  go  back; 
but  they  do  not  correspond  on  the  Hudson  River  and  New  York  Central 
portions  of  the  line.  Colors  generally  have  their  usual  significance,  but 
in  some  cases  red  balls  and  lights  give  the  road  to  trains  passing  west, 
and  white  to  those  passing  east. 

Boston  &  Providence  "Railroad. — This  road  is  worked  by  ball  signals, 
but  they  are  nol  uniform  in  their  signification.  Black  balls  and  red 
lights,  red  balls  and  red  lights,  white  balls  and  white  lights,  and  black 
balls  with  white  belts  and  red  lights  have  the  same  meaning  at  different 
stations  upon  the  road.  The  crossing  of  the  Boston  &  Albany  Railroad 
isworked  by  Mr.  George  1".  Folsome's  "  [mproved  Signal  Device,"  which 
consists  of  a  box-shaped  lantern  provided  with  blinds  that  are  opened  to 
display  the  lights  ;  an  ingenious  contrivance  is  added,  by  which  the  same 
lever  motion  that  opens  one  set  of  blinds  locks  the  other. 

Eas/em  Railroad  of  Massachusetts  &  Maine  Central  Railroad. — This 
line  is  worked  by  the  same  ball  system  as  the  Boston  A  Providence,  and 
has  the  same  want  of  uniformity  ;  the  memory  of  the  engineer  is  taxed 
with  a  separate  set  of  rules  for  each  tunnel,  bridge,  crossing  and  station. 
The  audible  signals  are — one.  stop;  two,  start;  three,  go  back;  with 
torpedoes  as  danger  signals.  The  electric  system  of  Mr.  Thomas  S.  Hall 
is  being  introduced  upon  those  roads  ;  we  may  add  that,  on  the  ap- 
proaches to  Boston,  the  full  block  system  would  seem  to  be  desirable  ; 
and  the  same  may  be  said  as  to  the  railway  approaches  to  New  York 
and  other  large  cities. 
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On  our  Eastern  roads  generally  the  audible  signals  are — one,  stop;  two 
start;  three,  go  back:  but  the  gong  notes  do  not  always  correspond  with 
the  whistle.  The  motion  signals  are — horizontal,  stop;  vertical  start; 
circular,  go  back:  and  the  colors — red,  stop;  blue,  caution;  and  white, 
proceed  ;  but  there  are  frequent  variations  which  do  not  seem  to  be  pre- 
dicated upon  any  sufficient  cause. 

Detroit  &  Milwaukee  Railroad. — This  road  is  worked  by  semaphores 
as  block  and  station  signals  and  at  crossings  and  bridges.  Targets  are 
used  at  switches,  and  red  and  green  flags,  all  of  which  are  shown  by  Figs. 
22-2(3.  A  special  feature  of  the  system  is  that  the  draw-bridges  are  kept 
open  except  when  the  trains  are  passing,  and  of  coiu'se  the  signals  are  at 
danger  ;  this  probably  results  from  some  requirement  of  the  navigation; 
the  system  is  simple  and  effective.  The  audible  signals  are — one,  stop; 
two,  start;  three,  go  back:  red,  white  and  green  being  the  colors,  with 
the  usual  significance. 

Lake  Shore  &  Michigan  Southern  Railroad. — The  movements  of  trains 
into  the  principal  stations  of  this  road  are  directed  by  sernajmores;  the 
horizontal,  vertical  or  oblique  position  of  the  arms  indicate  the  direction 
in  which  the  trains  must  move,  and  semaphores  guard  the  crossings. 

Roads  worked  by  the  Pennsylvania  Company  have  the  same  general 
system  which  has  been  described  on  the  Western  roads  ;  double  sema- 
phores are  used  at  the  crossings  and  draw-bridges,  the  position  of  the 
arms  indicating  the  state  of  the  tracks,  the  audible  and  color  signals 
having  the  usual  significance. 

Hand  and  audible  signals  prevail  upon  our  Western  roads,  the  sparse 
settlement  of  the  country  making  fixed  signals  less  necessaiy,  possibly 
less  reliable,  and  more  costly  in  proportion  to  the  traffic  than  here  in  the 
East.  It  is,  however  there,  that  uniformity  in  the  system  is  of  the  greatest 
importance,  owing  to  the  migratory  character  of  the  train-men  and  the 
close  business  connection  of  the  roads,  but  such  is  not  found  to  exist  at 
X>resent  in  practice.  Mr.  John  M.  Goodwin,  (Member  of  the  Society,)  in 
an  article  upon  railway  signals  in  the  Railroad  Gazette,  thus  describes 
this  variation: — "  On  one  road  a  lamp,  moved  up  and  down,  is  the  signal 
to  stop,  on  a  connecting  road  the  same  signal  means  go  back;  on  one  a 
single  note  of  the  whistle  means  go  a-head,  on  the  other  go  back  ;  on  one 
road  red  is  the  standard  signal  for  danger,  and  yet,  at  three  several 
points  on  the  same  road,  that  color  means  that  the  road  is  clear  for  trains 
from  a  certain  division,  clear  for  trains  of  a  certain  class,  and  clear  for 
trains   moving  in  a  certain  direction."     This,   however,   is  an  extreme 
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case,  but  there  is  an  unnecessary  want  of  uniformity  and  although  hand 
and  audible  signals  are  largely  depended  upon,  semaphores  (frequently 
called  targets)   are  coming  into  extensive  use. 

Erie  Railway. — The  color,  hand,  train  and  audible  signals  upon  this 
road  are  substantially  as  usual  on  the  Eastern  roads.  At  the  crossings, 
intersections  and  bridges,  bah  signals  arc  used,  (of  the  character  shown  by 
Fig.  27,)  inside  of  which  are  lights  at  night.  The  general  principle  upon 
which  they  are  worked  is,  that  the  exhibition  of  red  balls,  stops  all  trains 
upon  the  main  road,  their  absence,  orthe  exhibition  of  white  balls  permits 
the  trains  to  proceed;  but  special  directions  are  given  f<  »r  each  point  of  dan- 
ger. At  Bergen  tunnel  there  are  targets  at  either  end  connected  by  a 
telegraph  wire;  but  the  tunnel  is  not  absolutely  blocked  it  we  are  to  judge 
from  the  following  clause  in  the  "Instructions  for  running  Trains. " — 
"In  case  the  signal  back  to  signify  that  the  train  has  got  through  the 
tunnel  is  not  received  within  fifteen  minutes  after  the  train  lias  gone  in, 
any  following  train  may  proceed,  running  with  great  care  and  Looking 
out  for  signals  ;  but  a  second  train  shall  not  lie  permitted  to  enter  the 
tunnel  until  two  signals  are  received  to  signify  that  both  trains  have 
gone  through,  and  that  the  tunnel  is  clear."  The  great  pressure  of 
business  through  this  tunnel  is  probably  the;  reason  for  the  latitude  given, 
but  the  economy  of  time  is  doubtful  whilst  the  risks  are  certain. 

Pennsylvania  Railroad. — The  reports  from  this  road  are  not  full,  but 
the  good  English  switch  signal,  shown  by  Figs  28,  29,  described  in  Mr. 
Rapier's  paper,  as  well  as  the  semaphores  for  block  and  crossing  signals. 
with  some  improvements  for  repeating  distant  signals,  are  in  use. 

From  the  Baltimore  &  0/iir>  Railroad,  the  Committee  has  not,  to  the 
date  of  this  report,  received  any  response  to  the  circular  sent  out,  and  the 
absence  of  full  information  from  these  two  best  managed  roads  of  our 
country,  from  which  it  was  hoped  to  obtain  valuable  suggestions,  is  much 
regretted. 

The  notice  of  American  railway  signals  would  be  incomplete  without 
a  reference  to  HaU's  system  of  "  Automatic  Electric  Railway  Signals," 
which  is  now  being  introduced  upon  several  Eastern  roads  and  is  claim- 
ing public  attention.  In  principle  it  is  the  same  as  has  been  largely 
experimented  upon  in  Europe.  Vanes  are  moved  and  gongs  are  sounded 
by  making  or  breaking  the  connections  of  an  electric  current.  The 
practical  objections  made  to  the  system  by  English  writers  are:  first — - 
the  liability  to  derangement  of  the  delicate  mechanism  employed,  by  the 
jar  of  passing  trains  ;  second — the  changes  in  the  strength  of  the  electric 
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current  from  continued  use  and  from  atmospheric  influences  ;  and  third — 
that  lightning  will  sometimes  take  possession  of  the  -wires  and  give  wrong 
signals.  It  is  not  necessary  to  compare  the  mechanism  of  the  English 
and  American  devices,  further  than  to  say  that  Mr.  Hall  claims  to  have 
overcome  many  of  the  objections  by  his  mechanical  arrangements  which 
are  now  before  the  public  and  must  establish  their  own  reputation. 

English  Practice. — The  paper  of  Mr.  Rapier,  to  which  reference 
has  already  been  made,  is  a  detailed  historical  account  of  railway  signal- 
ing in  England  from  the  time  when  a  tallow  candle  in  a  cottage  window 
indicated  that  the  train  must  stop  for  passengers,  through  the  periods 
when  the  roads  were  worked  by  hand  and  train  signals,  as  is  the  practice 
in  our  sparsely  settled  districts,  to  the  primitive  block  system  as  in  use 
on  the  Philadelphia  &  Reading  Railroad,  and  up  to  the  full  block  system 
recommended  in  Mr.  Welch's  report.  We,  therefore,  are  passing  over 
the  same  ways  of  experience  as  were  traveled  by  our  European  neigh- 
bors, and  as  an  increase  of  traffic  presses  its  necessities  upon  us,  we  must 
reach  the  same  general  results.  It  may,  therefore,  be  interesting  to  take 
a  cursory  view  of  this  anterior  practice,  and  of  the  discussions  as  to  its 
merits  among  those  who  have  had  the  advantage  of  personally  observing 
its  workings.     We  quote  from  Mr.  Rapier's  paper  : 

"  The  demand  for  increased  signaling  facilities  is  not  confined  to  this 
country  but  has  arisen  in  other  European  countries." 

"  Against  errors  on  the  part  of  those  in  charge  of  trains,  the  only  safe- 
guard is  to  be  found  in  the  complete  block  system,  and  of  means  to 
enable  the  drivers  to  observe  signals  weU  in  advance." 

"  Under  the  absolute  block  system  the  signal-man  at  station  A  is  not 
permitted  to  send  a  second  train  to  station  B  until  he  has  received  a 
signal  from  B  that  the  first  train  has  arrived  there." 

"  Under  the  permissive  block  system  it  is  simply  permitted  to  signal- 
man B  to  block  signal-man  A,  in  the  event  of  anything  occurring  which 
may  render  such  a  course  desirable." 

' '  The  permissive  block  system  has  been  well  tried  on  the  principal 
railways,  and  is  preferred  by  some  because  it  enables  trains  to  be  sent  one 
after  another  with  greater  rapidity,  but  it  affords  very  little  protection, 
and  it  is  now  generally  agreed  that  intermediate  stations  must  be  erected 
on  lines  of  constant  traffic. " 

' '  When  the  distance  is  so  great  between  any  two  stations  as  to  cause 
the  line  to  be  blocked  for  too  long  a  time,  the  best  plan  is  to  interpose 
one  or  more  intermediate  stations.  The  distance  apart  of  signal  stations 
seldom  exceeds,  four  miles,  and  it  is  often  only  a  quarter  of  a  mile,  the 
average  being  one  and  a  half  miles." 
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"  The  Metropolitan  Railway  between  Kings  Cross  and  Moorgate  street 
is  laid  with  four  lines  of  rails  *  *  *  and  the  number  of  trains 
passed  over  them  is  768  daily,  or  one  in  every  If  minutes  nearly." 

' '  On  the  Great  Eastern  Railway  220  trains  per  day  pass  over  the  same 
metals." 

"Mr.  Finley,  manager  of  the  London  &  North  Western  Railway, 
stated  that  the  block  system  had  been  adopted  on  about  800  miles  of  the 
1  630  miles  of  opened  line  belonging  to  that  company,  and  that  it  was  to 
be  extended  to  the  whole  of  the  main  line." 

"Mr.  Spagnolletti  remarked  that  the  marvelous  increase  of  railway 
traffic  in  the  past  ten  years  was  proof  of  how  much  had  been  gained  by 
mechanical  and  electric  assistance  ;  had  not  these  appliances  been  used, 
the  only  alternative  would  have  been  to  double  the   railways." 

The  English  practice  is  rapidly  settling  down  to  the  abandonment  of 
much  of  the  variety  which  has  heretofore  existed  in  signals  upon  the 
several  roads,  and  to  the  use  of  semaphores  for  block  and  station  signals, 
and  to  targets  (sometimes  called  discs)  for  switch  signals.  As  points  of 
detail,  it  is  urged  that  there  should  be  in  that  country— identity  of  type 
of  signals  for  trains  on  their  journey  ;  for  trains  at  stations,  and  of  those 
meaning  stop  and  go  on,  also  identity  in  the  relative  position  of  signals 
for  high  and  low  speed  lines.  Figs.  30-48,  from  Mr.  Rapier's  paper,  show 
the  general  character  of  the  semaphores  and  targets  in  use  upon  the 
English  railways. 

Another  subject  that  has  received  much  attention  in  England  in  con- 
nection with  the  fixed  signal  system  is  the  interlocking  of  signals  and 
switches  by  which  the  lever  motion  that  turns  the  switch,  turns  also  the 
signal  for  trains  moving  past  it,  and  at  the  same  time  locks  the  switches 
and  signals  at  other  places,  the  movement  of  which  might  interfere  with 
the  movement  of  the  train  under  immediate  guidance. 

This  it  will  be  seen  involves  the  employment  of  two  mechanical  princi- 
ples which  have  not  thus  far  received  a  great  deal  of  attention  in  our 
country ;  the  connection  of  the  several  switches  and  signals  at  a  station 
by  an  extended  system  of  connecting  rods,  compensating  bars  and  bell 
cranks,  and  the  bringing  together  of  the  levers  moving  them  to  one  or 
more  stands  or  platforms  arranged  for  the  purpose.  On  the  Great  Northern 
Railway,  upon  one  such  platform  or  "locking  frame,"  there  are  eighty 
levers  moving  and  locking  as  many  switches  and  signals,  some  of  them 
more  than  a  quarter  of  a  mile  away.  Figs.  49-51,  from  Mr.  Rapier's 
paper,  show  some  of  the  contrivances  in  use  for  this  purpose. 

The  extent  to  which  the  interlocking  system  has  been  earned  does  not 
seem  to  meet  with  universal  approval  among  English  engineers.     One 
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gentleman  says  he  does  not  like  the  large  accumulation  of  levers  in  one 
frame  ;  another,  that  the  number  of  levers  in  a  box  sometimes  frightens 
him  ;  a  third  mentions  a  conversation  with  a  switch-man,  in  which 
the  time  required  to  pass  a  train  through  being  referred  to,  as  too  great 
for  busy  days,  replied  "  On  them  days,  we  pulls  out  all  this  gear. "  There 
is,  however,  no  difference  of  opinion  as  to  the  value  of  interlocking 
switches  and  signals  to  a  certain  extent,  and  that  is  as  true  to-day  in 
American  as  in  English  practice.  As  a  general  ride,  our  condition  in  that 
respect  is  the  same  as  England's  previous  to  the  introduction  of  the  inter- 
locking system,  when  the  Liverpool  &  Manchester  Railway  managers  de- 
clared that  ' '  they  had  no  system,  but  put  good  men  in  the  places  and 
saw  that  they  attended  to  their  duty." 

Although  it  may  be,  that  in  certain  cases  interlocking  and  lever  con- 
centration has  been  carried  to  an  undue  extent  in  England,  yet  it  is  far 
from  the  intention  of  the  members  of  the  Committee  to  question  its 
efficiency  or  importance  ;  they  foresee  that  it  must  come  into  extensive  use 
at  our  principal  railway  stations,  and  have  been  informed  that  since  their 
appointment,  both  the  New  York  Central  and  Pennsylvania  Railroad 
Companies  have  commenced  its  introduction  at  their  New  York  termini. 
The  devices  there  used  are  the  "Farmer  &  Saxby,"  to  which  those  de- 
siring further  information  are  respectfully  referred. 

This  review  of  European  practice  shall  be  closed  by  a  brief  reference 
to  the  automatic  systems,  both  mechanical  and  electrical,  without  attempt- 
ing a  detailed  description  of  the  arrangements  which  are  in  use,  and 
which  are  accessible  to  those  who  desire  information  upon  that  subject. 

The  experience  of  a  quarter  of  a  century  does  not  seem  to  have 
obtained  for  them  general  favor  in  England,  though  the  Seimans'  im- 
proved electric  signals  are  being  introduced  upon  the  continental  rail- 
ways, and  upon  the  principle  "of  the  survival  of  the  fittest,"  its  friends 
claim  for  it  a  large  future.  One  gentleman,  speaking  from  much  expe- 
rience in  electric  signals,  says,  "  without  the  aid  of  a  great  staff  of  elec- 
tricians to  keep  them  going,  he  woidd  not  like  to  depend  upon  them ;" 
another,  that  "they  are  only  suited  to  thickly  settled  districts."  It  is 
scarcely  necessary  to  say  that  all  such  arrangements  require  the  most  ac- 
curate mechanical  details,  and  the  objections  to  them  that  are  found 
in  English  practice,  will  exist  to  an  increased  extent  in  America,  where 
extreme  atmospheric  disturbances  are  not  uncommon. 

Seimens'  Magnetic  Inductor,  now  being  extensively  used  in  Europe  as 
a  substitute  for  the  Morse  battery  for  electric  communic:ition  between 
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signal  stations,  is  thus  described  in  a  circular  :  "It  consists  of  twelve 
permanent  magnets,  between  which  a  cylindrical  armature  is  mounted, 
and  each  complete  turn  of  the  armature  produces  two  currents  in  oppo- 
site directions  in  a  coil  of  insulated  wire  forming  part  of  the  cylindrical 
armature  ;  one  revolution  of  the  handle  causes  the  pinion  to  revolve 
thirteen  times,  and  consequently  twenty-six  currents,  alternatively  posi- 
tive and  negative,  are  generated  in  the  insidated  wire  coil  by  one  revo- 
lution of  the  handle  and  sent  into  the  line  wire.  Its  strength  is  said 
to  excel  a  battery  of  one  hundred  elements,  it  acts  more  energetically 
and  is  free  from  atmospheric  influences.  There  are  no  expenses  of 
cleaning  and  maintaining  the  batteries,  it  requires  no  complicated  con- 
nections, the  protecting  case  guards  the  instrument  against  damage, 
and  on  the  whole,  it  simplifies  the  service  and  gives  a  greater  guarantee 
of  the  exactness  of  all  railway  signals." 

Conclusions. — Having  briefly  reviewed  the  signal  service  as  it  is  em- 
ployed in  Europe  and  America,  we  would  invito  the  attention  of  the 
Society  to  the  conclusions  arrived  at. 

It  is  not  necessary  to  dwell  upon  the  appliances  tor  train  and  hand  sig- 
nals, the  whistle,  gong,  flag,  lamp  and  torpedo  are  in  universal  use,  and 
will  continue  to  ''talk  at  a  distance  "  until  some  better  modes,  not  yet 
known,  are  substituted  for  them. 

Of  station,  (fixed  or  block),  and  switch  signals,  there  is  an  almost  in- 
finite variety — semaphores,  vanes,  targets,  balls,  &c,  differing  as  much 
in  their  significance  in  different  localities  as  there  are  shades  of  mind  in 
their  application. 

In  Europe  the  semaphore  is  rapidly  taking  the  place  of  all  other  sig- 
nals, and  in  America  the  Larger  the  roads  and  the  business,  the  more  uni- 
form the  character  of  the  signals  and  the  fewer  the  rules  for  their  obser- 
vance. 

It  is  quite  possible  to  govern  the  movement  of  trains  upon  any  road 
by  one  class  of  signals,  which,  as  indicated  by  the  use  of  the  semaphore, 
seems  to  be  the  present  European  idea,  but  experience  there  does  not 
point  unequivocally  to  such  singleness  of  practice.  Switch  signals  have 
but  two  ideas  to  transmit; — right  and  wrong  ;  the  block  and  road  signals 
have  three — danger,  safety  and  caution  ;  whilst  the  station  signals  being 
required  to  direct  the  movement  of  trains  in  various  ways,  shoidd  have  a 
more  copious  significance. 

Switch  signals  should  be  automatic  ;  that  is,  the  same  lever  motion 
that  moves  the  switch  should  also  change  the  signal.  The  English  target 
(Figs.  28-29),  which  has  already  been  adopted  upon  several  of  our  prin- 
cipal roads,  seems  to  meet  all  the  requirements  of  a  good  switch  signal. 
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For  block  or  fixed  signals  the  vane  seems  to  be  the  most  suitable,  and 
the  best  samples  are  upon  the  Philadelphia  &  Reading  Railroad,  where 
it  has  been  the  most  extensively  used.  The  office  of  block  or  road  sig- 
nals is  to  announce  the  condition  as  to  safety  by  the  exhibition  of  a  red, 
white  or  blue  color,  and  this  can  be  done  more  quickly  and  certainly  by 
turning  a  vane  than  by  hoisting  a  ball  or  changing  the  arm  of  a  sema- 
phore, and  the  black  board  dividing  the  signals  for  moving  trains  in  op- 
posite directions,  facilitates  the  operation  and  prevents  confusion. 

For  grade  crossings  the  essential  feature  is  that  the  same  signal  move- 
ment that  opens  one  road  shall  block  the  other,  and  that  neither  road  can 
be  opened  by  signal  without  at  the  same  time  blocking  the  other,  regard- 
less of  the  character  of  the  train  approaching.  Each  road  must  be 
either  open  or  blocked  to  aU  trains  at  the  moment  of  crossing,  and  no 
other  question  should  be  presented  to  the  signal-man  at  the  point  of  in- 
tersection but  that  of  safety  ;  all  questions  of  priority  should  be  other- 
wise disposed  of.  In  this  view  of  the  case,  we  still  find  the  X  shaped 
vane,  with  two  red  and  two  white  faces  placed  in  one  of  the  angles  of  in- 
tersection, the  most  simple  and  best  crossing  signal,  either  in  its  primitive 
form  or  modified  by  the  double  cylinders  as  adopted  at  the  crossing  of 
the  Philadelphia  &  Trenton  Railroad. 

Tunnel  and  draw-bridge  signals  have  a  somewhat  different  duty  to 
jjerf  orrn,  but  the  only  intelligence  they  have  to  transmit  is  that  of  danger 
or  safety,  and  we  stiU  find  the  vane  with  its  red  and  white  faces  the  most 
certain  and  convenient  device  for  such  purposes. 

At  the  regular  stations  more  time  can  be  allowed  for  the  train-men  to 
consider  the  meaning  of  signals,  and  the  range  of  ideas  to  be  communi- 
cated is  from  a  simple  notice  to  stop  at  a  local  point  for  passengers,  up 
to  the  movement  of  the  frequent  trains  upon  the  multifarious  tracks  of 
our  extensive  stations.  For  this  purpose  the  semaphore  seems  to  be  the 
best  adapted,  three  ideas  are  communicated  by  the  three  positions  of  a 
single  arm,  and  the  number  of  arms  and  the  number  of  posts  may  be  in- 
creased indefinitely. 

The  color  signals  seem  to  have  become  uniform  all  the  world  over, 
with  some  unimportant  local  variations  which  should  be  obliterated. 

The  audible  signals  have  a  general  similarity,  but  are  not  uniform, 
and  there  has  not  been  sufficient  attention  paid  to  a  correspondence  of 
whistle  and  gong  notes. 

In  all  cases  the  standing  signal  should  be  the  signal  of  danger,  and 
trains  should  not  be  allowed  to  proceed  until  the  signal  announcing  the 
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condition  of  the  road  ahead  has  been  given.  No  signal-man  can  sleep 
with  the  red  against  approaching  trains  without  being  speedily  called  to 
account  for  his  omission  of  duty. 

The  progress  of  signaling  through  its  several  stages  must  be  govern- 
ed by  the  growth  of  the  traffic  it  has  to  conduct  safely  over  the  rails. 
For  roads  of  small  traffic  the  hand  and  train  signals  will  suffice,  and  a 
single-track  road  has  not  reached  its  ultimate  capacity  to  accomodate 
traffic  until  fixed  signals  connected  by  magnetic  telegraph  and  provided 
with  sidings  to  pass  fast  and  slow  trains  have  exhausted  their  powers  of 
expanding  that  capacity.  Double- track  roads  have  not  reached  their  ul- 
timate capacity  until  the  full  block  system  with  suitable  siding  room  has 
been  applied  to  them.  It  is  not  until  the  expansive  powers  of  signaling 
have  been  exhausted  that  additional  tracks  need  belaid,  and  it  is  thus 
that  this  branch  of  railroad  service  becomes  an  important  element  of 
economy,  and  a  means  of  avoiding  large  outlays  of  capital.  It  is  fre- 
quently said  that  railroad  companies  cannot  afford  to  adopt  a  general  sig- 
nal system;  is  it  not  true  that  no  road  of  considerable  business  can  afford 
to  do  without  such  a  system  ?  The  value  of  machinery  alone  in  all  rail- 
road trains  is  from  $20  000  to  850  000,  independent  of  the  freight  they 
hold  in  transit,  and  a  signal  system  is  to  a  Large  extent  the  insurance 
upon  this  species  of  property.  From  the  report  of  a  railroad  company, 
giving  a  statistical  statement  of  the  accidents  upon  the  road  and  the 
causes  of  the  same,  it  appears  that  in  a  period  of  fifteen  years,  1  700  acci- 
dents occurred,  in  which,  besides  the  injuries  to  the  locomotives,  4  770 
cars  were  demolished.  Of  these,  2  055  may  be  referred  to  the  signal  ser- 
vice, 1  058  to  defects  in  the  road  and  rolling  stock,  736  to  carelesness  of 
employes  and  321  to  causes  unknown.  The  death  list  upon  the  same 
road  for  the  same  period,  numbers  143. 

The  efficiency  of  signals  in  preventing  accidents  cannot  be  too  forci- 
bly impressed  upon  the  railway  interests  at  large.  The  block  system  is 
intended  to  prevent  the  possibility  of  collisions  and  it  is  difficult  to  see 
how  a  collision  can  take  place  when  that  system  is  in  use  under  intelli- 
gent direction. 

Draw-bridges  guarded  at  the  draw  by  a  signal,  which  can  only  be  moved 
automatically  and  repeated  a  suitable  distance  on  either  side  of  the 
bridge,  must  be  an  absolute  preventive  of  accidents  ;  it  is  impossible  to 
conceive  of  an  accident  at  points  so  guarded  unless  the  engineer  is 
either  blind  or  demented. 
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Railway  grade  crossings  will  be  free  from  accidents  if  guarded  at  the 
intersection  by  signals  which  block  one  road  when  they  open  the  other, 
and  which  are  repeated  when  necessary  at  suitable  distances  on  either 
side.  No  sane  engineer  will  run  past  a  red  light  in  full  view,  into  an  ob- 
structed crossing. 

"We  have  laws  requiring  trains  to  come  to  a  full  stop  before  passing 
such  points,  which  is  well,  but  well  devised  signals  are  better,  on  the  prin- 
ciple that  an  engineer  in  a  hurry  will  be  more  likely  to  take  risks  by 
breaking  the  laws  of  the  land  than  by  breaking  his  own  neck  ;  we  hear 
much  of  the  carelessness  of  engineers  as  the  cause  of  accidents,  but  as  a 
class  they  have  so  high  an  appreciation  of  their  lives  and  of  the  risks  of 
their  calling  as  other  men  and  will  not  be  found  running  into  known 
danger.  In  a  majority  of  cases  the  want  of  care  will  be  found  more  with 
those  who  have  charge  of  the  roads  and  running  arrangements,  and  they 
should  take  full  share  of  the  responsibility. 

Tunnels  cannot  be  safely  worked  except  by  the  full  block  system. 
Hoosac,  with  her  five  miles  of  length,  cannot  be  safely  worked  on  any 
other  principle,  although  such  an  amount  of  business  may  be  conceived, 
as  would  make  a  block  station  desirable  inside  of  tunnels  so  long  as  this. 

The  Committee  is  without  necessary  information  to  treat  intelligently 
what  may  be  termed  the  railway  vocabulary  of  the  semaphore,  but  Amer- 
ican ingenuity  will  find  no  difficulty  in  supplying  the  deficiency.  This 
report  is  closed  by  repeating  the  recommendations  of  the  Inst  itution  of 
Civil  Engineers,  that  uniformity  should  be  obtained  : 

First. — In  signals  of  danger,  caution,  stop,  go  ahead,  and  go  back, 

Second.—  In  the  character  of  the  fixed  signals  used  upon  our  several 
roads,  for  distinct  purposes,  such  as  switch,  block  and  station,  and 

Third. — That  the  signals  should  be  as  few  and  simple  as  possible. 
For  the  Committee, 

April  24th,  1875.  J.  Dutton  Steele, 

■  Chairman. 
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DISCUSSIONS. 


ON   UPRIGHT   ARCHED   BRIDGES.* 

Mr.  Samuel  H.  Shreve. — In  replying!  to  the  criticisms  on  his 
paper  on  "Upright  Arched  Bridges,"  Cant.  Eads  enumerates  so  many 
errors  in  my  remarks  upon  the  St.  Louis  bridge,  that  I  seem  liable  to  a 
charge  of  inaccuracy.  It  is  true  his  assertions  are  unaccompanied  by 
proof,  yet  the  time  and  thought  ho  has  devoted  to  this  subject  give  his 
positive  declarations  more  weight  than  they  would  otherwise  be  entitled 
to.  At  the  time  of  making  my  previous  remarks,  I  had  not  sufficient  data 
for  numerical  calculations  of  the  strains  affecting  the  arches  of  the  St. 
Louis  bridge,  and  was,  therefore,  obliged  to  give  only  general  formulae. 
I  have  now  the  information  I  then  needed,  and  while  briefly  noticing 
some  of  the  points  of  difference  between  us,  I  propose  to  devote  this 
paper  chiefly  to  a  careful  analysis  of  the  strains  affecting  the  ribs  of  the 
centre  span  of  this  bridge,  basing  it  solely  and  entirely  upon  Capt.  Eads' 
stat  tments  of  the  condition  of  the  arch  at  different  times,  the  weights  given 
by  him  and  the  actual  dimensions  of  the  members  of  the  tubes,  as  the 
upper  aud  lower  chords  of  the  ribs  composing  the  arch  are  termed.  If 
tli  ■  are  found  not  to  possess  sufficient  strength,  it  is  unnecessary  to  ex- 
amine the  braces,  joints  and  other  parts  of  the  structure,  and  if  it  were 
necessary,  I  should  be  compelled  to  limit  myself,  for  want  of  space,  to 
the  matter  T  have  chosen. 

The  St.  Louis  bridge  is  a  fair  subject  for  criticism.  It  differs  from 
any  other  metallic  bridge  in  tins' country,  it  has  cost  avast  amount  of 
thought,  labor  and  capital,  and  if  it  possesses  one-half  the  merits  Capt. 
Eads  claims  for  it,  it  is  time  that  bridge  engineers  should  examine  it  more 
closely  than  they  have  yet  done,  and  compare  its  strength  and  economy 
with  the  other  styles  that  are  now  so  much  more  popular  throughout  the 
world.  Engineers  are  by  no  means  a  bigoted  or  prejudiced  class,  and  if 
it  can  be  shown  that  the  St.  Louis  bridge  has  any  great  advantages  over 
the  more  common  types,  they  will  not  be  slow  to  follow  the  example 
it  presents  them.     It  is  purely  a  question  of  form  and  not  one  of  material. 


*  Continued  from  page  85.  t  Vol.  Ill,  page  319. 
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But  first  they  require  a  clear  and  complete  analysis  of  its  strains  and  the 
proportions  of  its  different  members  ;  these  have  not  yet  been  given.  The 
pamphlet  of  investigation  published  some  years  ago  undoubtedly  does 
credit  to  Capt.  Eads'  al  lility  as  a  mathematician  and  shows  him  expert  in 
the  use  of  the  integral  calculus  ;  but  it  is  incomprehensible,  I  am  inclined 
to  think,  to  the  majority  of  engineers,  and  is,  consequently,  unsatisfac- 
tory. This  investigation  gives  no  rules  or  formulae  for  determining  strains 
in  an  arched  truss,  and  is  only  an  illustration  of  the  fact,  which  must  be 
remembered,  that  the  calculus  will  not  determine  strains  affecting  a  truss, 
whether  arched  or  horizontal. 

Before  proceeding  with  the  analysis,  I  wish  to  allude,  in  as  few  words 
as  possible,  to  some  of  the  points  in  my  former  paper*  which  Capt.  Eads 
has  termed  mistakes,  and  has  numbered  so  that  there  may  be  no  difficulty 
in  referring  to  them. 

The  reply  of  Capt.  Eads  has  these  words  :  "Mr.  Shreve  says,  'the 
paper  before  the  Society  appears  to  be  an  acknowledgment  of  the  disad- 
vantages of  the  system  adopted  for  (the  superstructure  of)  the  St.  Louis 
bridge.'  "f  In  his  paper  under  discussion  on  "Upright  Arched  Bridges," 
Capt.  Eads'  language  is,  "I  will  first  point  out  some  of  the  disadvantages 
of  the  system  adopted  for  the  superstructure  of  the  St.  Louis  bridge. "  % 
My  first  error  seems  to  be  in  assuming  that  Capt.  Eads  acknowledges 
the  disadvantages  which  he  himself  "points  out."  If  he  will  not  go  this 
far,  we  can  hardly  expect  him  to  acknowledge  the  "disadvantages"  others 
may  "point  out."  The  next  three  errors  may  be  summed  up  in  the 
fourth,  which  is,  that  I  declare  "that  each  tube  must  contain  a  quantity 
of  material  sufficient  to  resist  the  strains  caused  by  a  full  load."$  These 
errors  may  be  better  judged  of  when  we  come  to  the  analysis. 

Again  Capt.  Eads  writes :  ' '  Hence  Mr.  Shreve  makes  a  fifth  mistake 
when  he  asserts  that  '  bracing  beneath  a  parabolic  arch  uniformly  loaded, 
can  receive  no  strain  and  is  useless.'  "  For  this  error,  I  think  I  am  par- 
donable when  I  offer  as  an  excuse,  that  Bankine,  Stoney,  Weisbach  and 
every  other  author  I  have  read,  who  treats  the  subject,  has  made  the  same 
mistake.  It  is,  too,  an  error  one  is  likely  to  commit,  since  the  most  sim- 
ple methods  of  determining  strains,  the  method  of  sections  and  the 
graphic  method,  lead  one  so  easily  into  it.  Capt.  Eads  himself  has  not 
escaped  it  ;  in  speaking  of  the  upright  and  the  inverted  arch,  his  words 
are  :  "If  either  form  have  an  equally  -distributed  load  placed  on  it,  no 
bracing  will  be  requisite  to  preserve  its  normal  curvature."8      In  other 

*  Vol.  Ill,  page  227.     t  Do.  page  323.     I   Do.  page  195.      §  Do.  page  228. 
II  Do.  page  321.  IT  Do,  page  198. 
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places  in  the  same  paper  lie  gives  evidence  of  his  falling  into  the  same 
mistake  which  he  attributes  to  me. 

The  eighth  mistake  is  in  making  the  assertion  "  that  the  greatest  ten- 
sion in  the  lower  arc  of  either  segment  is  when  that  segment  alone  is  fully 
loaded."  *  Capt.  Eads  then  declares  that  "greater  tension  will  occur  in 
the  lower  members  when  the  maximum  load  per  foot  has  advanced  so  as 
to  cover  either  three  or  five-eighths  of  the  entire  span,"f  and  claims  that 
this  is  shown  graphically  in  one  of  the  figures  accompanying  his  paper. 
This  assertion  has  been  made,  I  think,  rather  hurriedly,  as  there  is 
nothing  shown  graphically  in  any  of  his  papers  concerning  the  bridge.  A 
diagram  of  strains  is  not  a  graphic  solution  and  proves  nothing  whatever. 

The  remark  just  quoted  is  applied  to  a  jointed  arch,  such  as  I  have 
previously  suggested,  as  well  as  to  the  St.  Louis  bridge,  and  is  almost 
whoUy  incorrect.  There  is  but  one  point,  in  the  case  alluded  to,  in  the 
jointed  arch  where  a  three-eighths  load  will  produce  the  greatest  strain, 
and  there  is  most  positively,  no  point  in  the  lower  arc  of  the  fully  loaded 
segment  where  an  ounce  more  on  the  other  segment  will  produce  a  greater 
tension  than  the  half  load.  When  one  segment  is  loaded,  any  weight 
whatever,  in  any  position  on  the  other  segment,  will  lessen  the  tension 
on  the  lower  arc  of  the  loaded  segment.  I  respectfully  invite  Capt.  Eads 
to  prove,  mathematically  or  graphically,  that  he  is  correct  on  this  point. 
He  need  not  have  recourse  to  the  calculus,  as  there  are  three  points 
through  which  all  strains  must  pass. 

The  greatest  tension  at  any  point  in  the  lower  arc  produced  by  a  uni- 
form load  is  when  its  length  extends  a  certain  distance  from  the  abutment 
bearing  a  fixed  proportion  to  the  distance  of  the  point  ;  a  formula  for  this 
strain  may  be  very  readily  determined. 

There  are  other  errors  of  which  I  am  accused,  which,  however,  are 
not  of  much  consequence  in  this  discussion,  and  with  which  I  do  not 
think  I  would  have  been  charged  had  Capt.  Eads  read  my  paper  a  little 
more  carefully.  Two  of  my  errors  were  in  assuming  that  each  tube  must 
at  times  bear  the  whole  load  and  must  be  so  proportioned  ;  upon  this 
assumption  I  made  my  calculations  and  comparisons,  showing  the 
economy  of  the  chords  of  an  ordinary  horizontal  truss  over  the  ribs  of 
the  arch. 

I  propose  to  admit  these  errors  and  to  make  a  new  analysis  and  a 
numerical  calculation  of  the  strains  upon  the  ribs  of  one  of  the  arches  of 

*  Vol.  Ill,  page  229.  t  Do.  page  325. 


1G5 

the  centre  span,  assuming  nothing,  but  basing  my  whole  argument  upon 
premises  furnished  by  Capt.  Eads'  own  statements  contained  in  his  papers 
which  have  appeared  before  the  Society. 

Capt.  Eads  writes  as  follows  :  "  The  medium  temperature  was  assumed 
at  60°  Fah.  The  effect  of  temperature  (ranging  from— 20-  to  +  140° 
Fah.)  increases  the  length  of  the  rib  about  6  inches.  This  extension 
causes  the  crown  to  rise,  which  relieves  the  lower  tube  of  compression  at 
the  abutments,  and  hence  that  tube  does  not  then  support  any  portion  of 
the  weight  of  the  rib  or  the  load.  These  are  borne  wholly  by  the  upper 
tube  at  the  abutments,  and  hence  its  section  there  must  be  increased  ac- 
cordingly. At  the  crown,  the  strains  are  likewise  changed.  There,  how- 
ever, the  lower  tube  does  all  the  duty,  as  the  upward  bending  of  the  rib, 
relaxes  the  compression  in  the  upper  tube  at  this  point,  hence  the  lower 
one  must  be  increased  at  the  centre  of  the  rib  to  enable  it  to  do  this  dou- 
ble service.  It  is  thus  seen  that  the  upper  tube  at  the  abutments,  and 
the  lower  one  at  the  crown,  must,  when  the  temperature  is  at  its  maximum, 
perform  the  whole  duty  of  sustaining  the  rib  and  its  load."  "  The  extra 
section  required  by  temperature,  therefore,  becomes  smaller  in  the  tubes 
as  we  leave  the  crown  and  abutments." 

' '  These  are  the  effects  of  expansion.  As  the  ribs  are  formed  for  a 
medium  temperature,  contraction  by  cold  reverses  these  strains.  The 
crown  of  the  arch  falls,  and  the  upper  tube  at  that  point  must  be  rein- 
forced, because  it  must  then  sustain  the  entire  compressive  strain,  which 
at  medium  temperature,  is  borne  equally  by  both  ;  while,  at  the  abut- 
ments the  lower  tubes  have  now  to  carry  all  the  load.  Thus  it  is  seen 
that,  both  at  the  abutments  and  the  crown,  the  upper  and  lower  tubes 
must  be  each  of  greatly  increased  section  on  account  of  the  changes  of 
temperature." 

Again — "Thus,  at  times,  a  tube  at  the  abutments  may  not  only  be  re- 
lieved of  all  compression,  but  may  bear  tension  and  pull  upon  its  skew- 
backs,  by  which  an  additional  compressive  strain  may  be  transferred 
through  the  braces  to  the  other  tube."* 

Before  proceeding  further,  attention  should  be  called  to  the  fact,  that 
more  than  once,  as  will  be  seen  in  the  above  quotations,  Capt.  Eads  says 
the  crown  of  the  tubes  must  be  of  greatly  increased  section  to  resist  the 
increased  strain  at  that  point,  and  the  impression  is  certainly  intended 
to  be  given  that  the  crown  contains  a  greater  quantity  of  material  than 
the  haunches.  The  truth  is,  the  two  tubes  are  of  uniform  section 
throughout,  with  the  exception  of  the  five  members  at  each  end. 

"  The  total  dead  load  of  the  (centre)  span  is  8  000  pounds,  and  maxi- 
mum live  load,  6  400  pounds,  per  lineal  foot."f     I  give  below,  other  data 

*  Vol.  Ill,  pages  196,  197.  t  Do,  page  326. 
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for  the  centre  arch,  which  I  have  obtained  from  personal  investigation  : 
span,  520  feet  ;  actual  rise  of  the  arch,  47.05  feet.  Each  tube  has  an 
envelope  of  wrought-iron,  i-inch  thick.  There  are  six  steel  staves  in  each 
tube  ;  outside  diameter  of  staves  and  envelope,  18  inches  ;  outside  diam- 
eter of  staves,  174  inches.  The  dimensions  of  the  tubes  are  as  follows  : 
the  numbers  begin  with  the  abutment  members  in  each  tube. 


No.  of  Member. 

Thickness  of  the 
Staves  in  Inches 

Area  of  one  Stave  in 
square  Inches. 

Total  Area  in  square 
Inches. 

1. 

2|- 

17.11. 

102.66. 

2. 

If- 

15.34. 

92.04. 

3. 

lg- 

13.51. 

81.06. 

4. 

It*- 

12.09. 

72.54. 

5. 

Its- 

12.09. 

72.04. 

Thence  to  centre. 

bs- 

10.14. 

60.84. 

From  this,  it  will  be  seen  that  only  the  five  members  in  either  tube 
nearest  the  abutments,  are  of  increased  section.  The  uniform  length  of 
the  members  of  the  upper  tube  is  144.965  inches.  The  length  of  the 
skew-back  members  of  the  lower  tube  is  111.983  inches,  of  all  the  other 
members,  142.622  inches  ;  vertical  distance  between  the  tubes  at  the 
centre,  12.05  feet.  The  total  weight  of  the  bridge  and  load  is  7  488  000 
pounds  ;  the  weight  of  one  rib  and  its  load  is,  therefore,  1  872  000 
pounds. 

Let  w  =  the  weight  of  one  rib  and  load,  s  the  span,  and  h  the  rise  of 
the  arch  and  d  the  depth  of  the  ril  >  at  the  centre  ;  then,  according  to 
the  well  known  formula,  the  horizontal  strain  at  the  centre, 

H  =  tj-;  substituting  the  values  given  above, 
oh 

H=  2  586  184.9  pounds. 

If  we  consider  each  tube  as  taking  half  this  strain,  the  compression  upon 
each  will  be  1  293  092.5  pounds  ;  dividing  this  by  60.84,  the  area  of  the 
centre  member,  we  have  21  252  pounds  as  the  strain  per  square  inch — less 
than  the  limit,  27  500  pounds  per  square  inch,  which  Capt.  Eads  assumes 
as  a  perfectly  safe  load  for  steel  iu  compression. 

This,  however,  is  the  strain  only  when  both  tubes  are  equally  loaded, 
a  condition  which  by  no  means  always  prevails.  When  the  rib  is  ex- 
panded by  the  temperature,  and  rises,  the  whole  strain  must  be  taken  by 
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the  lower  tube,  for  the  upper  is  entirely  relieved,  and  the  whole  strain  is 
not  simply  42  505  pounds  per  square  inch,  or  the  amount  that  was  before 
upon  the  two  tubes  ;  for  this  reason,  that  while  the  strain  comes  upon 
the  lower  chord  at  the  centre,  the  abutments  react  against  the  ends  of  the 
upper.  Hence,  the  actual  rise  of  the  arch  is  no  longer  h,  but  h  —  d,  or 
instead  of  47.05  feet,  we  have  35  feet.     The  equation  therefore  becomes, 

ws 

n=8(h—df,' 

Supplying  the  quantities  and  dividing  by  the  area,  we  obtain  57 143 
pounds  per  square  inch  for  the  strain  upon  the  central  member  of  the 
lower  tube. 

The  formula  given  above  is  as  correct  as  are  the  principles  of  the  lever, 
and  the  result  is  simply  inevitable.  The  conclusion  is  apparent  from  the 
figure.     No  matter  what  the  intermediate  shape  may  be,  if  it  be  uniformly 


loaded,  the  weight  multiplied  by  the  span  and  divided  by  eight  times  the 
height  of  the  centre  point  above  the  points  of  contact  with  the  abutments, 
gives  the  horizontal  thrust  at  the  centre  and  at  the  abutments. 

This  compression  of  57  143  pounds  to  the  square  inch  upon  the  central 
member  of  the  lower  rib  is  considerably  more  than  double  the  allowable 
strain,  and  makes  an  excess  of  130  380  pounds  over  the  test  to  which  this 
member  was  subjected.*  Reasoning  upon  my  erroneous  assumption  that 
each  tube  at  times  must  bear  the  whole  load,  the  strain  in  this  case  would 
be  only  42  505  pounds  ;  an  error,  as  is  evident,  entirely  upon  the  unsafe 
side.     If  the  arch  be  in  the  same  position  and  unloaded,  its  dead  weight 

*  (Foot  note,)  Vol.  Ill,  page  326.—"  The  tubes  are  all  of  cast-steel,  tested  to  55  000  pounds 
per  square  inch  without  permanent  set,  and  the  highest  maximum  strain  they  must  bear  will 
not  exceed  27  500  pounds."  In  the  Appendix  to  Gapt.  Eads'  Report  to  the  Illinois  &  St.  Louis 
Bridge  Company,  for  1870,  under  specifications  for  cast-steel  work,  we  read,  "  The  staves 
composing  the  tubes  will  be  required  to  stand  a  compressive  strain  of  60  000  pounds  per 
square  inch  of  section  without  permanent  set."  This  latter  test  seems  to  have  been  aban- 
doned as  being  too  severe,  though  so  slightly  in  excess  of  the  actual  strain. 
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mil  cause  a  strain  of  31  746  pounds  to  the  square  inch,  or  the  com- 
pression from  the  weight  of  the  bridge  alone  is  greater  than  the 
maximum  strain  the  member  must  bear.  A  strain  of  57  143  pounds  per 
square  inch  is,  even  for  steel,  an  unusual  amount,  and  it  may  be  ques- 
tioned whether  a  structure  subject  to  such  compression  is  safe  ;  surely  an 
iron  bridge,  with  so  low  a  factor  of  safety,  would  be  immediately  con- 
demned ;  but  it  is  probably  by  such  experiments  as  this  that  we  are  to 
learn  the  strength  and  durability  of  steel. 

Formulae  are  next  needed  to  determine  the  strains  in  the  other  mem- 
bers of  the  tubes  ;  these  may  be  found  as  follows.  Let  moments  be 
taken  around  a  point  in  the  middle  of  the  centre  member  of  the  lower 
arc  when  the  arch  is  extended  ;  a  vertical  section  at  this  point  will  cut  no 
other  member  subject  to  a  strain,  consequently  the  moment  of  the  verti- 
cal reaction  of  the  abutment,  w  X   — »  in  one  direction  must  equal  the 

moment  of  the  load  on  the  half  span,        X  -'"-»  find  the  moment  of  the 

1  2        4 

horizontal  reaction  of  the  abutment,  Hy(  (h — d),    (being  at  the  end  of 
the  upper  tube,)  in  the  opposite  direction,  or, 
w  s     ir  s 

w  s 
whence  #.  = -g  (1=r^>  (1) 

Next,  from  moments  around  any  point  in  the  upper  tube  where  the 
braces  intersect  it,  distant  x  horizontally  from  the  abutment,  we  have, 
for  the  moment  of  the  longitudinal  strain  in  the  opposite  member  of  the 
lower  tube,  the  difference  of  the  moments  of  the  load  on  x  and  the  hori- 
zontal reaction  of  the  abutment  in  one  direction  and  the  moment  of  the 
vertical  reaction  of  the  abutment  in  the  opposite  direction,  or, 

T    7 w  x2  w  s  y  w  x 

Ld-27-+8(h-d)-~Y'  (2) 

y  being  the  vertical  distance  of  the  point  above  the  abutment ;  it  may  be 
expressed  in  terms  of  x  and  thus  simplify  the  equation. 

Let  the  curve  of  the  arch  be  considered  a  parabola — from  which  it  dif- 
fers so  slightly  as  not  to  affect  perceptibly  the  results  of  the  calculations 
— and  we  have  from  its  equation, 
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/   a  \  2  S  2  2 

Agam,  (— _.r)   _  2p  \h—y),  -••  —  _  sx  +  x 


s"5 s~  y  . 

T"   IT' 


whence,  w= — —  (s.c  —  x2). 
s2 


Therefore  by  substituting  this  value  of  y  in  Eq.  2,  we  obtain, 


w  x2  wh  w  x 

which  readily  is  reduced  to 


Ld       2  s     +  2  s  [h  —  d)  (s  *  —  x^  ~ 


w  dx2  io  dx 

2  s  (h  —  d)  +  2(h  —  d)' 

,,  e  T  W  X  W  X2 

thereiore,  L  = — ,,  /0. 

2{h  —  d)      2s{h—d)  (3) 

from  which  the  strains  may  easily  be  found. 

In  the  same  manner,  by  taking  moments  around  a  point  in  the  lower 

tube  where  the  braces  intersect  it,  we  get, 

j  j vox      w  x2        w  s  (y  —  d) 

~~2~~~~2~s  8{k  —  d)  (4) 

i  •    i  i  T  W  X2  wx  US 

which  reduces  to,  L  =  ^    i   ,  /r, 

2s{h  —  d)      2(h  —  d)^8{h  —  d)  (5) 

giving  the  strains  in  the  upper  tube.     Moments  which  tend  to  produce 

compression  have  been  given  the  plus  sign  and  the  others  the  minus  sign. 

It  is  simpler  to  measure  x  from  the  centre  of  the  arch  than  from  the 

abutment,  and  to  do  this,  we  have  merely  to  substitute  for  it,  in  the 

above  equations, x,  when  Eq's.  3  and  5  become, 

j  _  IDS  W  X2 

~  8{h—d)  ~~ 2 s  (h—d)'  (6) 


and  L  = 


w  x 


2s{h  —  d)  (7) 

Substituting  in  these  equations  the  values  given  above,  we  have  from 
Eq's  6  and  7 

L  =  3  176  571.43  —  51.43  x2.  (8) 

and  L  =  51.43  x2.  (9) 

These  apply  only  when,  distended  by  the  temperature,  the  arch  is 
resting  with  the  upper  tube  against  the  abutments;  in  the  lower  tube  it 
then  decreases,  as  the  ordinates  of  a  parabola,  from  the  centre  towards  the 
ends  ;  in  the  upper  chord,  from  the  abutment  towards  the  centre  in  a 
similar  manner.  When  the  arch  is  compressed  by  the  cold  and  sinks,  so 
that  the  upper  tube  at  the  centre  and  the  lower  at  the  abutments  take  the 
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whole  amount  of  strain  at  these  points,  the  equations  vary  somewhat. 
Owing  to  the  increased  height  of  the  arch,  the  strain  is  less,  but  it  is 
again  increased  by  the  fact  that,  while  in  the  extended  condition,  the  weight 
of  the  rib  as  well  as  the  movable  load  is  acting  against  the  effect*  of  the 
temperature,  preventing,  as  Capt.  Eads  says,  tension  in  the  upper  chord  ; 
in  the  depressed  arch  they  both  act  with  the  decreased  temperature  and 
produce  tension  in  the  lower  tube  at  the  centre,  and  thus  greatly  increase 
the  comjiression  in  the  upper  at  the  same  point  and  the  other  at  abut- 
ments. The  equations  for  this  condition,  found  as  before,  with  the  quan- 
tities supplied,  are  for  the  upper  tube 

L  =  2  973  943.47  —  30.46  x2.  (10) 

and  for  the  lower  tube  L  =  30.46  x2.  (11) 

To  apply  these,  we  use  Eq.  8,  for  the  upper  chord,  commencing  at 
tlic  centre,  until  we  reach  a  point  where  its  value  is  exceeded  by  Eq.  10, 
and  then  employ  the  latter  to  the  end  of  the  span  ;  for  the  lower  tube, 
take  similarly,  first  Eq.  93  and  then  Eq.  11. 

The  table  on  page  17:5  gives  the  maximum  strains  in  each  member  of 
both  tubes  :  in  them  x  is  measured  from  the  centre  of  the  arch  hori- 
zontally towards  the  abutments  to  the  point  of  intersection  of  the  braces 
with  one  tube,  opposite  that  member  in  the  other  whose  strain  is  sought. 
The  numbers  of  the  meml  anting  from  the  centre,  the  values  of  x, 

the  amount  of  strain  in  pounds,  the  strain  per  square  inch  on  the 
present  area,  the  area  of  section  which  must  lie  added  to  the  present 
area  of  the  different  members  of  the  tubes  to  reduce  the  strain  per 
square  inch  to  27  500  pounds,  and  the  total  area  necessary,  are  given  in 
the  respective  columns. 

It  will  be  seen  from  the  table  that  every  member  of  the  two  tubes  is 
deficient  in  area  ;  many  containing  much  less  than  half  the  material  that 
is  necessary. 

Since  the  members  in  the  upper  chord  are  of  uniform  length  (12.08 
feet)  we  may  add  up  the  deficiency  areas  of  the  fifth  column  and  their 
sum  will  equal  the  area  of  one  member  12.08  feet  long.  The  sum  of  the 
areas  is  639.56  square  inches  ;  multiplying  by  12.08,  we  have  the  area  of 
a  body  one  foot  long  =  7  725.  NX  square  inches;  next,  multiply  by  3.4 
pounds,  the  weight  of  a  square  inch  of  cast-steel  one  foot  in  length,  and 
the  result  is  26  267.99  pounds.  This  is  for  one-half  of  the  tube  ;  doubling 
it,  we  obtain  52  536  pounds,  as  the  extra  weight  of  the  steel  required  in 
the  upper  tube  to  sustain  the  compression  and  not  allow  the  maximum 
strain  to  exceed  27  500  pounds  per  square  inch. 
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In  the  lower  tube  there  are  45  members;  the  uniform  length  of  all 
except  one  at  each  end,  is  11.885  feet;  the  length  of  each  end  member  is 
9.582  feet.  Performing  the  above  operation  with  the  quantities  in  the 
tenth  column,  we  shall  find  the  deficiency  to  be  60  637  pounds  for  the 
lower  tube,  and  adding  this  to  the  other,  we  have  for  one  rib  a  deficiency 
of  113  173  pounds  of  cast-steel.  To  support  this  additional  weight  a  still 
further  increase  must  be  made  in  the  section  of  the  tubes. 

To  ascertain  the  amount  of  this,  an  equation  may  be  easily  found  that 
will  give  the  weight  of  an  arch  which,  with  a  given  strain,  shall  support  its 
own  weight  and  a  uniform  load. 

Let  hi'  =  the  load  and  w  the  weight  of  the  arch,  both  uniform,  I  the 
length,  s  the  span,  and  k  the  rise  of  the  arch.  Then  the  strain  at  the 
centre  of  the  arch  and  the  horizontal  component  of  the  strain  at  any 
other  point  is  given  by  the  formula — 

{w'   +w)s 
H=—8h 

The  longitudinal  strain  in  any  member  of  the  tube  is  to  its  horizontal 
component  as  the  length  of  the  member  is  to  its  horizontal  extent,  and 
it  will  be  sufficiently  correct  to  assume  that  the  horizontal  component  is 
to  the  average  longitudinal  compression  as  the  span  s  of  the  arch  is  to  I, 
its  length,  or 

.  7  .  .  (W>    "T"  w)  S    .    (W'    +  w)  I 

S:    '':         8h         ''         8h        ' 
which  may  be  considered  the  uniform  compression  throughout  the  length 
of  the  arch  ;  and  if  this  be  divided  by   27  500,   the  number  of  pounds 

allowed  to  the  square  inch,  we  have  i-.„T"„»  -,,  for   the   area  in    inches. 

220  000  h 

Multiply  this  by  3.4,  the  weight  of  one  foot  of  steel,  and  by  I,  the  length 
of  the  arch,  and     oonooo  I        =  W'  tlie  weigkt  of  the  arch. 

„  3.4  w'  I2  3.4  iW2  3.4  w'  I2 

Hence, 


220  000  A-  220  000  h'   '      ~~  220  000  £  —  3.4  Z2' 

Substituting  the  values — w'  =  113  173,  I  =  531.5  and  h  =  47.05 — we 
find,  w  ■=  11  573. 

Hence,  113  173  -f  11  573  —  124  746  pounds,  is  the  additional  weight 
required  in  one  rib,  and  the  four  ribs  composing  the  centre  span  must 
therefore  be  reinforced  with  498  984  pounds  of  cast-steel  before  the 
compression  can  be  reduced  to  27  500  pounds  per  square  inch,  or  an 
addition  of  over  52  per  cent,  of  the  present  weight  of  the  steel  in  the 
tubes. 


172 

In  comparing  the  St.  Louis  bridge  with  a  horizontal  truss  of  the 
same  span  and  depth,  it  is  only  just  that  the  same  strain  per  square  inch 
should  be  allowed  ;  since,  as  has  been  before  remarked,  it  is  a  question 
of  form  and  not  of  material,  nor  of  the  amount  of  strain  per  square  inch 
to  which  that  material  shall  be  subject.  Capt.  Eads  cannot,  while 
allowing  a  strain  of  over  57  000  pounds  per  square  inch  in  his  structure, 
insist  that  other  forms  shall  be  confined  to  27  500  pounds. 

I  have  made  an  estimate  of  the  weight  of  the  two  chords  of  a  hor- 
izontal truss,  of  520  feet  span  and  47. 05  feet  depth,  bearing  the  same  load 
as  one  rib  of  the  St.  Louis  bridge — 1  872  000  pounds — and  varied  the  strains 
so  that  the  members  of  one  chord  of  one  form  shall  have  the  same  strain 
per  square  inch  as  the  corresponding  members  of  the  same  chord  of  the 
other.  In  the  lower  chord  of  the  horizontal  truss,  subject  to  tension,  I 
have  decreased  the  strains  per  square  inch  in  the  proportion  of  27  500  to 
20  000,  and  consequently  increased  the  material,  as  this  is  the  proportion 
Capt.  Eads  gives  between  compression  and  tension  members. 

I  have  made  the  panels  13  feet  long,  and  used  the  formula, 

„ w  I       w  x2 

8d~2dJ' 
— measuring  x  from  the  centre — to  obtain  the  strains.  In  this  manner,  I 
find  the  weight  of  the  chords  of  one  truss  to  be  1-45  205  pounds,  or  61.48 
per  cent,  of  235  <V21  pounds,  the  weight  of  the  tubes  of  one  rib  of  the 
centre  span  of  the  St.  Louis  bridge  ;  which  is  slightly  in  excess  of  the 
percentage  (57)  deduced  from  the  formuhe  given  in  my  previous  remarks 
on  Capt.  Eads'  paper. 

The  great  importance  of  immediately  strengthening  the  ribs  of  the 
St.  Louis  bridge  can  no  longer  be  ignored,  and  probably  the  simplest 
and  most  speedy  method  of  doing  this  is  to  joint  the  upper  tubes  at  the 
centre  and  the  abutments  and  to  disconnect  the  lower  ones  at  the  same 
points.  Then  the  weight  of  the  latter  can  be  allowed  to  remain  as  it 
is,  while  that  of  the  former  will  have  t<  >  be  increased  only  to  173  730 
pounds;  the  present  weight  being  119  564  pounds,  the  addition  will  be 
54  166  pounds  instead  of  124  746  pounds,  the  weight  necessary  to  be  sup- 
plied to  one  rib  if  the  present  form  be  retained. 
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Table  of  Strains  foe  One  of  the  Bibs  of  the  Centre  Span  of 
the  St.  Lofts  Bridge. 


In  the  Fppeb  Tube. 


In  the  Lower  Tube. 
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Me.  James  B.  Eads.  My  review*  of  the  comments  upon  my  paper  on 
••  Upright  Arched  Bridges  "  was  written  under  the  pressure  of  important 
engagements,  and  I  find  that  in  my  haste  I  expressed  myself  so  carelessly 
as  to  be  misunderstood  in  reference  to  the  bow-string  girder  bridge  to 
which  I  referred.  It  is  so  common  to  call  an  entire  bridge  span,  a  truss 
or  a  girder,  that  I  have  unfortunately  misled  Mr.  Whipple  in  reference  to 
the  bridge  design  in  question,  by  speaking  of  it  as  a  "bow-string  girder'' 
when  suggesting  that  those  who  deny  the  "  economy  of  my  proposed  sys- 
of  bracing  the  arch  under  unequal  loads,''  should  "submit  to  the 
Society  the  details  and  weights  of  a  horizontal  truss  of  517  feet  span  on  the 
data  given,  to  show  how  nearly  it  approximates  to  3  100  pounds  per  lineal 
foot  in  weight."!  I]l  :l  preceding  paragraph  I  stated  the  moving  weight 
to  I),  2  .".ill)  pounds  per  foot,  "  including  everything.''  I  intended  to  say 
that  3  Kid  pounds  per  lineal  foot  is  the  weight  of  this  single  track  bow- 
string girder  bridge,  including  road-bed.  wind  bracing  and  everything 
readj  for  the  rails. 

Mr.  Whipple  has  submitted  to  the  Society,!;  without  details,  a. theo- 
retical calculation  showing  that  a  single  trapezoidal  trus>  of  517  feet  span, 
"capable  (when  secured  transversely  by  connection  or  bracing  with  one 
or  more  similar  trusses)  of  withstanding  the  vertical  action  of  2  500 
pounds  of  movable  load  to  the  lineal  foot  upon  the  whole  or  any  part  of 
its  length,  with  a  stress  of  10  000  pounds  upon  iron  and  20  000  pounds 
upon  steel,"  per  square  inch  will  weigh,  but  2  000  pounds  per  lineal  foot. 

Eis  comparison  is  not  complete,  and  hence  gives  no  approximation  to 
the  result  of  an  investigation  of  the  relative  economy  of  the  two  systems, 
inasmuch  as  floor  beams,  road-bed.  wind  bracing,  &c,  are  omitted  by 
him.  He  has  given  the  estimated  weight  of  a  single  truss,  or  one  side  of 
a  bridge,  instead  of  a  complete  bridge.  Of  course  any  comparative  de- 
sign should  have  regard  to  equal  safety,  so  that  if  unusual  lengths  are 
required  in  conrpression  members,  the  proportion  of  diameter  to  length 
should  be  regarded.  The  horizontal  steel  members  of  Mr.  Whipple's  up- 
per chord,  being  61;;  feet  long,  should  be  nearly  5^  feet  in  diameter,  if 
subjected  to  20  000  pounds  compression  per  square  inch  ;  as  the  bow-string 
design,  limits  the  length  of  compression  members  to  12  diameters.  As 
the  end  braces  of  his  truss  would  be  each  over  90  feet  long,  they  must  be 
about  1\  feet  in  diameter,  or  they  would  require  additional  sectional  area 
or  additional  bracing. 

*  Vol.  Ill,  page  319.  t  Do.,  page  333.  %  Page  81  preceding. 
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The  longest  of  the  braces  in  the  bow-string  girder  are  scarcely  half  so 
long  as  Mr.  Whipple's  compression  verticals  ;  they  resist  only  one-third 
so  much  compression  as  tension,  and  hence,  owing  to  the  weight  of  the 
roadway  and  moving  load  being  suspended  from  their  lower  ends,  bear 
but  3  333  pounds  per  square  inch  of  compression. 

The  desire  to  understand  every  argument  advanced  by  an  engineer 
so  deservedly  eminent  an  authority  on  bridge  construction,  impels  me  to 
ask  Mr.  Whipple's  explanation  of  his  phrase  (page  84)  "  amount  of  action 
the  simple  arch  and  chord  alone  of  the  bow-string  truss  under  considera- 
tion undergo,"  and  of  the  deductions  following. 

Herewith  is  presented  the  strain  sheet  of  the  design  of  the  517  feet 
bow-string  girder  bridge  referred  to  and  estimates  of  weights  and  mate- 
rials ;  from  which  it  appears  that  the  structure  woidd  weigh  as  follows  : 

Cast  iron 6  600  pounds. 

Wrought  iron 1  099  499 

Steel 310  650 


Weight  of  metal 1  416  749 

Add  weight  of  timber 186  637 


Total  weight  of  structure 1  603  386 

Equal  to   3  100  pounds  or  1.55  tons  per  lineal  foot. 
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Weights  and   Materials   required  en  a  Bow-String  Girder  Bridge 
of  517  Feet  Span,   on  the  Sxsteji  Proposed. 


Pounds. 

Description. 

Cast  Iron. 

Wro't  Iron. 

Steel. 

Upper    Member. 
Tubes 

250  176 

17  504 



18  240 

19  760 

2  076 

4  408 

Nuts 

528 
108  648 

Counter  Arch. 

12  464 

127  000 

084 

2  812 

9H6 

Nuts 

Bolts  in  Centre. 

11  620 

3  140 

115G5 

926 

208 

Lower  Chord. 

626  872 

Pins 

20  202 

3  280 

Bolts 

377 
36  063 

3  084 

5  000 

Total 

6  600 

1  099  499 

310  650 
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DISCUSSION   S. 


ON  UPRIGHT  ARCHED  BRIDGES. 

James  B.  Eads: — Mr.  Shreve  (page  162)  makes  additional  criticisms 
on  the  St.  Louis  bridge,  which  I  reluctantly  notice. 

After  showing  so  many  fallacies  in  bis  first  attempt  to  explain  the 
principles  of  the  ribbed  arch,*  I  did  not  suppose  that  I  should  be  com- 
pelled to  point  out  additional  ones  by  the  same  writer. 

As  Mr.  Shreve  now  makes  a  deliberate  assertion  calculated  to  arouse 
public  anxiety  respecting  the  St.  Louis  bridge,  and  one  apparently  sus- 
tained by  mathematical  deductions,  based  solely,  as  he  assures  his 
readers,  uj^on  premises  furnished  by  me,  and  as  he  is  known  as  the 
author  of  a  work  on  bridge  strains,  and  may  therefore  be  considered  an 
authoi'ity,  the  necessity  of  showing  the  absurdity  of  his  "new  analysis  " 
becomes  imperative. 

After  baring  first  proved  to  his  own  satisfaction  that  the  tubes  com- 
posing the  central  arch  of  that  bridge  contain  47  per  cent,  more  metal 
than  would  have  been  necessary  had  a  proper  system  of  construction 
been  adopted,  he  now  attempts  to  prove  that  they  have  actually  52  per 
cent,  less  than  they  ought  to  have. 

Alluding  to  his  first  mistakes,  he  introduces  his  present  investigation 
with  the  following  preface  :  "I  propose  to  admit  these  errors  and  to 
make  a  new  analysis  and  a  numerical  calculation  of  the  strains  upon  the 
ribs  of  one  of  the  arches  of  the  centre  span,  assuming  nothing,  but 
basing  my  whole  argument  upon  premises  furnished  by  Capt.  Eads'  own 
statements  contained  in  his  papers  which  have  appeared  before  the 
Society."!  In  the  next  breath,  after  this  solemn  assurance  that  his  whole 
argument  is  based  upon  my  statements,  he  declares  that  the  sectional  area 
of  the  tubes  at  the  centre  of  the  span  is  only  60. 84  inches.  %  As  this  area 
is  really  over  75  inches,  I  am  thus  made  responsible  for  a  gross  error  at 
the  very  threshold  of  his  investigation,  while  his  readers  are  at  the  same 
time  led  by  his  assurances  to  place  implicit  faith  in  his  erroneous  data. 

*  Vol.  m,  page  323.  t  Page  164.  +  Table,  page  166. 
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Mr.  Shreve's  argument  is  not,  therefore,  based  upon  statements  fur- 
nished by  me.  The  sectional  area  of  the  tubes  is  certainly  the  most 
important  element  in  his  argument,  and  he  starts  with  an  error  in  this, 
which,  if  corrected,  would  reduce,  by  16  000  pounds  per  square  inch,  the 
57  1  IS  pounds  which  he  assures  us.  with  such  precision,  must  be  borne 
by  the  steel.  If  this  error  be  corrected,  the  greatest  strain.  Mr.  Shreve 
discovers,  even  by  his  defective  analysis,  would  be  about  41  000  pounds 
per  square  inch,  or  14  000  pounds  less  than  was  put  upon  the  steel  when 
it  was  tested:  namely,  55  000  pounds.  The  immediate  strengthening  of 
the  bridge  recommended  by  him  may,  therefore,  be  safely  delayed,  at 
least  for  the  present. 

Mr.  Shreve  says:  '■  Each  tube  has  an  envelope  of  \\  rought  iron  ,  -inch 
thick."  This  is  an  assumption  for  which  he  has  no  basis  in  any  of  my 
statements.  The  envelope  of  each  tube  is  of  cast-steel,  and  it  forms  an 
integral  pari  of  the  tube,  and  bears  with  the  tube  staves  its  full  share  of 
the  compression  in  the  arches. 

The  sectional  area  requisite  to  resist  the  computed  maximum  strain  in 
the  lower  tube  at  the  centre  was  found  by  careful  investigation  to  be  67 
square  inches:  the  allowable  pressure  being  30  000  pounds  per  square 
inch.  After  the  computations  were  made,  the  sectional  areas  of  all  the 
tubes  were  slighthj  increased  on  the  detail  drawings,  to  guard  against  pos- 
sible inaccuracies  in  workmanship.  The  central  section  was  increased 
Prom  67  to  over  75  inches. 

Mr.  Shreve  undertakes  to  prove  that  the  maximum  strain  on  the  cen- 
tral part  of  the  lower  tube,  with  maximum  temperature  and  load,  greatly 
exceeds  whal  I  nave  asserted  to  be  the  greatest  pressure  that  can  be  im- 
posed on  the  steel,  namely,  27  500  pounds  per  square  inch. 

I  propose  to  explain  in  a  general  manner  the  problem  he  has  under- 
taken, and  then  point  out  the  defective  method  by  which  lie  arrives 
at  his  results. 

I  will  first  refer  to  the  fact  that  Mr.  Shreve  persists  in  construing  my 
paper  on  "Upright  Arched  Bridges"*  as  an  essay  on  the  St.  Louis 
bridge,  and  has  therefore  taken  my  general  explanation  of  the  effects  of 
temperature  upon  its  arches,  as  exact  data  on  which  to  base  a  technical 
analysis  of  the  strains  of  that  structure.  My  paper  was  not,  as  he  sup- 
I  m  ist  vs.  intended  as  an  acknowledgment  of  the  disadvantages  of  the  system 
adopted  by  me  for  that  bridge.      It  parades  no  praise  of  the  bridge  be- 

*  XCVIII,  Vol.  Ill,  page  195. 
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fore  the  Society,  nor  is  it  niy  wish  that  that  structure  should  be  spared 
the  most  thorough  criticism.  The  bridge  was  referred  to  very  briefly 
for  the  sole  purpose  of  pointing  out  disadvantages  inherent  in  the  best 
system  of  metallic  arch  construction  (as  I  think)  known  at  the  time  I 
selected  it  for  that  structure,  and  to  illustrate  more  clearly  how  these 
disadvantages  could  be  avoided  by  a  new  system,  which  it  was  the  special 
purpose  of  the  paper  to  present  to  the  Society.  * 

These  disadvantages  are  almost  wholly  the  result  of  temperature.  I 
endeavored  to  explain  them  in  a  popular  manner,  so  as  to  be  easily  com- 
prehended by  gentlemen  who,  like  Mr.  Shreve,  have  never  made  the 
ribbed  arch  a  study.  I  purposely  avoided  complicating  my  explanation 
of  thermal  effects  on  its  arches,  and  hence  omitted  in  it  any  reference  to 
the  modifying  influence  of  the  elasticity  of  the  steel,  the  rate  of  its  ex- 
pansion by  heat,  the  effects  of  the  full  and  of  unequal  loads,  the  dead 
weight  of  the  structure,  and  the  strains  incident  to  the  bolting  of  the 
ends  of  the  arches  to  the  abutments  ;  all  of  which  are  absolutely  essen- 
tial elements  in  determining  the  maximum  strains  in  its  arches. 

It  did  not  occur  to  me  that  any  one  would  attempt  to  base  an  elaborate 
scientific  investigation  of  the  strains  in  a  ribbed  arch  upon  such  general 
remarks  about  the  influence  of  temperature  upon  it,  and  this,  too,  with- 
out regard  to  the  other  equally  essential  data  of  the  problem.  Knowing, 
however,  that  my  explanations  were  of  a  general  character,  and  supposing 
that  some  of  my  readers  might  desire  accurate  data  as  to  the  precise  ex- 
tent of  these"  effects,  after  these  various  modifying  influences  had  been 
taken  into  account,  I  accompanied  my  paper  with  a  diagram  of  the 
strains  of  the  bridge.!  showing  what  they  would  be  without  the  mfluenc< 
of  heat,  and  what  they  really  were  under  its  influence  ;  and  at  the  close 
of  this  general  explanation.;;;  I  called  attention  to  this  diagram,  where  the 
extent  of  these  effects  is  accurately  shown. 

In  1868,  I  published  in  an  appendix  to  my  report  on  the  St.  Louis 
bridge,  the  scientific  methods  by  which  every  strain  in  the  present  struc- 
ture has  been  investigated.  The  depth  of  the  rib  was  afterwards  altered 
from  8  to  VI  feet,  and  the  versed  sines  of  the  arches  were  also  altered,  but 
this  appendix  contains  the  methods  and  an  explanation  of  the  principles 
upon  which  all  the  investigations  of  the  completed  structure  were  based. 
Tin:  diagram  before  referred  to   gives  a  graphic  representation  of   the 

*  This  system  was  the  legitimate  subject  of  criticism  before  the  Society,  and  to  it  Mr. 
Shreve  has  failed  to  address  bis  remarks,  having  misconstrued  the  purpose  of  the  paper. 
t  Vol.  Ill,  page  234,  Fig.  25.  X  Do.,  page  197. 
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strains  of  the  central  arch  as  thus  determined  ;  also  the  sectional  areas  of 
the  central  and  abutment  tubes,  the  modulus  of  elasticity  and  the  rate  of 
extension  of  the  steel  by  temperature.  These,  with  the  additional  data 
given  subsequently,*  furnish  all  the  facts  requisite  to  investigate  the 
strains  of  the  St.  Louis  Bridge.  By  applying  the  scientific  processes 
explained  in  the  appendix  to  my  report  of  1868  to  these  data,  any  one 
competent  to  analyze  the  strains  of  the  bridge  can  ascertain  its  strength. 

The  scientific  investigation  published  with  my  report  of  180S.  Mr. 
Shreve  thinks,  is,  to  the  majority  of  engineers,  "incomprehensible,"  and 
"unsatisfactory,"  although  it  was  carefully  revised  and  simplified  by  Chan- 
cellor Chauvenet,  one  of  the  most  accomplished  mathematicians  this 
country  has  produced.  That  it  is  unsatisfactory  t<>  Mr.  Shreve,  is  both 
evident  and  unfortunate;  for  he  discards  its  use  altogether,  and  casts 
aside  even  the  necessary  data  stated  on  Fig.  25,  and  investigates  the  sub- 
ject in  a  manner  peculiar  to  himself. 

The  problem  Mr.  Shreve  attempts,  is  to  determine  accurately  the 
strains  in  one  of  the  four  ribs  of  the  central  arch  of  the  bridge,  when 
under  the  influence  of  the  greatest  temperature  and  load.  His  diagram!  will 
serve  to  illustrate  the  rib,  which  is  formed  of  one  upper  and  one  lower 
east-steel  tube.  12  feet  apart,  extending  from  abutment  to  abutment,  and 
each  being  strongly  secured  to  the  other  by  a  triangular  system  of  bracing 
between  them. 

The  medium  temperature  of  60  Fah.  was  assumed  in  designing  this 
rib.  At  1  in  it  is  nearly  7  inches  longer  than  it  is  at  20  I  >elow  zero  ;  the 
rate  of  extension  by  heal  being  0.000  527  of  its  length  for  80  '.  The 
modulus  of  elasticity  of  the  steel  is  2*000  000  pounds  per  square  inch. 
Owing  to  the  elastic  nature  of  the  steel,  the  dead  weight  of  the  structure 
at  medium  temperature,  causes  each  tube  to  be  shortened  about  2.1  inches; 
that  is.  the  rib,  if  laid  sidewise  upon  the  ground,  would  be  2]_  inches 
longer  than  it  is  in  its  present  upright  position,  with  the  bridge  unloaded. 
In  proportion  as  the  bridge  is  loaded  the  tubes  become  still  more  short- 
ened. The  shortening  of  both  tubes  as  the  load  is  increased,  is  almost 
exactly  the  same,  so  long  as  the  temperature  remains  at  60  .  At  this 
temperature,  each  tube  bears  almost  exactly  onedialf  of  the  compression 
in  the  rib  when  the  bridge  is  unloaded,  or  when  fully  loaded.  If  the 
temperature  be  raised  or  lowered  the  ease  is  quite  different.     If  the  tubes 


*  Vol.  Ill,  page  326.     Foot  note.  t  Page  167. 


181 

are  lengthened  by  heat,  the  arch  rises  at  the  centre,  as  the  abutments  are 
practically  immovable.  As  the  arch  rises,  the  compression  in  the  upper 
tube  at  the  centre  is  lessened  by  the  altered  curvature  of  the  arch,  and 
the  compression  in  the  lower  one  at  the  centre  is  proportionately  in- 
creased.* 

We  see  then  that  heat  produces  in  steel  an  effect  exactly  opposite  to 
that  of  pressure.  The  one  extends  its  length,  and  the  other  shortens  it. 
If  we  take  under  discussion  one  of  the  steel  tube  sections  of  the  rib 
(which  are  each  about  12  feet  long,  and  perfectly  straight),  and  erect  it 
as  a  vertical  column,  we  can,  when  it  is  extended  by  any  given  temper- 
ature, load  it  sufficiently  to  reduce  its  length  and  make  it  correspond 
with  that  which  it  would  be  if  unloaded  at  a  lower  temperature.  If  the 
temperature  be  110 :,  we  may  reduce  its  length  by  pressure  to  what  it 
would  be  when  unloaded,  at  60    or  at  20    below  zero. 

The  tube  sections  composing  each  entire  tube  of  the  rib  are  affected  by 
heat  and  pressure  precisely  in  this  way  :  let  us  suppose,  for  instance, 
that  the  unloaded  rib  is  expanded  by  heat  until  the  entire  horizontal 
force  in  the  centre  of  the  rib  is  borne  by  the  lower  tube,  then  the 
moment  we  begin  to  load  the  bridge  the  resistence  of  the  upper  tube  is 
brought  at  once  into  play,  for  the  increased  strain  must  shorten  the 
lower  tube  and  allow  part  of  the  pressure  to  be  borne  by  the  upper  one. 
Just  as  we  continue  to  add  on  weight  uniformly  over  the  bridge,  will  we 
lessen  the  difference  between  the  strains  which  existed  in  the  two  tubes 
when  we  begau  to  load  the  structure,  until  finally,  after  exceeding  the 
maximum  1<  »ad  it  was  designed  to  bear.  \vi  ■  can  produce  1  >y  pressure  a  short- 
ening of  both  tubes  t<  >  such  degree  that  each  wdl  bear  exactly  half  of  the 
whole  horizontal  force  in  the  arch  ;  and  then  we  will  find  each  tube  ex- 
actly the  length  it  is  at  60°  of  temperature,  with  the  bridge  unloaded,  al- 
though the  temperature  at  the  time  may  be  140°. f 

It  must,  therefore,  with  this  general  explanation,  be  evident,  even  to  a 
tyro, that  when  we  undertake  to  investigate  the  strains  in  the  St.Louis  arch, 
except  when  its  temperature  is  <//ti0    Fah.,  it  is  absolutely  necessary  that  we 


*  Near  the  abutments,  at  the  ends  of  the  tubes,  these  strains  would  be  reversed. 

t  Mr.  Shreve  assumes  in  his  calculations  that  the  upper  tube  must  remain  without  pres- 
sure when  once  relieved  of  it  by  expansion,  no  matter  what  strain  be  imposed  on  the  other,  for 
he  finds  57  143  pounds  per  square  inch  on  the  lower  one,  and  yet  makes  no  allowance  for  the 
shortening  that  would  result  from  a  pressure  more  thau  twice  as  great  as  the  maximum  of 
27  500  pounds  on  that  tube,  even  if  it  really  existed.  In  reality,  the  maximum  pressure  results 
from  unequal  loading,  and  is  not  nearly  attained  under  the  conditions  he  has  assumed,  as  the 
upper  tube  under  these  conditions  bears  a  strain  of  510  tons  at  the  centre  of  the  arch. 
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bring  into  our  computation  both  the  rate  at  which  the  steel  is  extended 
by  heat,  and  the  modulus  of  its  elastricity,  or  the  rate  at  which  the  steel  is 
shortened  by  pressure.  Without  these  two  elements  of  the  problem,  it 
is  simply  impossible  to  determine  what  portion  of  the  total  strain  is  borne 
by  each  tube. 

It  is,  therefore,  absurd  to  challenge  the  correctness  of  the  results  of 
an  investigation  in  which  both  of  these  elements  have  been  carefully  con- 
sidered, because  they  do  not  agree  with  those  of  a  calculation  in  which 
they  have  been  both  absolutely  ignored.  As  they  are  totally  disre- 
garded in  Mr.  Shreve's  '-new  analysis,"  although  dealing  with  a  tem- 
perature of  LAO  ,  it  follows  that  his  alarming  declaration  that  "  the  great 
importance  of  immediately  strengthening  the  ribs  of  flu*  St.  Louis  bridge 
can  no  longer  be  ignored,"  is  based  on  an  investigation  so  palpably  de- 
fective, thai  its  results  have  no  value  whatever,  excepl  "to  point  a 
moral." 

The  diagram  before  referred  to,*  shows  as  the  resuH  of  careful  in- 
vestigation that  the  strains  on  both  tubes  are  considerably  less  in 
tlie haunches  of  the  arches  than  at  the  crown  and  abutments.  Mr.  Shreve 
tries  to  maintain  his  error  on  this  point,  by  showing  that  the  sectional 
areas  of  the  tubes,  as  constructed,  with  the  exception  of  the  first  live  sec- 
tions nearest  the  abutments,  are  in  reality  uniform  throughout  the  arch. 
This  will  not  avail  Mr.  Shreve,  as  he  was  discussing  the  ribbed  arch 
from  a  scientific  stand  point,  while  these  areas  were  made  uniform  not 
because  the  strains  are  nol  less  in  the  haunches,  as  1  stated,  but  to  re- 
duce the  cosl  of  rolling  the  steel  by  Lessening  tin1  variety  of  its  sizes, 
and  also  (<.  avoid  cutting  the  grooves  for  the  couplings,  in  tube-staves  of 
less  thickness  than     fa  inches. 

.Mr.  Shreve  calls  my  attention  to  an  inadvertence,  or  error,  which  T 
hasten  to  correct,  respecting  the  tension  in  the  lower  member  of  the 
Loaded  half  of  the  jointed  arch  shown  by  his  diagram.  He  says.  "That 
the  greatest  tension  in  the  lower  arc  of  either  segment  is  when  thai  seg- 
ment alone  is  fully  loaded,  is  evident.  "|  This  I  declared  was  an  error, 
and  so  it  is  ;  because  the  greatest  tension  in  the  lower  member  is  when 
;th  of  that  arc  is  loaded.  1  erroneously  stated,  however,  that  the  greatest 
tension  would  occur  in  this  lower  member  when  the  maximum  Load  per 
foot  covers  either  |th  or  |th  of  the  span.     If  I  had  used  the  word  strain 

*  Fig.  25,  Vol.  Ill,  page  234.  t  Do.  page  229. 
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instead  of  tension,  this  correction  would  have  been  unnecessary.  When 
the  load  covers  f'th,  the  tension  will  be  less  in  the  lower  member  of  the 
loaded  half  than  with  that  half  fully  loaded,  but  the  compression  in  the 
lower  member  of  the  unloaded  half,  will  be  greater  than  with  the 
half  load. 

Mr.  Shreve  makes  the  following  defense  of  one  of  the  most  important 
errors  in  his  first  criticism  : 

"Again  Capt.  Eads  writes:  '  Hence  Mr.  Shreve  makes  a  fifth  mis- 
take when  he  asserts  that  "  bracing  beneath  a  parabolic  arch  uniformly 
loaded,  can  receive  no  strain  and  is  useless."  For  this  error,  I  think  I 
am  pardonable  when  I  offer  as  an  excuse,  that  Rankine,  Stoney,  Weis- 
bach  and  every  other  author  I  have  read,  who  treats  the  subject,  has 
made  the  same  mistake.  It  is,  too,  an  error  one  is  likely  to  commit, 
since  the  most  simple  method  of  determining  strains,  the  method  of 
sections  and  the  graphic  method,  lead  one  so  easily  into  it.  Capt.  Eads 
himself  has  not  escaped  it  :  in  speaking  of  the  upright  and  the  inverted 
arch,  his  words  are  :  '  If  either  form  have  an  equally  distributed  load 
placed  on  it,  no  bracing  will  be  requisite  to  preserve  its  normal  curva- 
ture. '  In  other  places  in  the  same  paper  he  gives  evidence  of  falling  into 
the  same  mistake  which  he  attributes  to  me."- 

Mr.  Shreve  does  not  in  the  above,  clearly  state  his  fifth  error.  His 
words  are  as  follows  :  f 

' '  Suppose  the  crown  to  rise,  the  lower  tube  if  relieved  of  compression 
at  the  abutments,  would  not  be  strained  at  any  point.  Bracing  beneath 
a  parabolic  arch  uniformly  loaded  can  receive  no  strain  and  is  useless, 
and  if  the  curve  of  the  tube  considered  is  not  a  parabola,  it  is  so  near  it, 
that  the  strains  which  are  transferred  by  the  braces  to  the  lower  tube  are 
too  small  to  be  noticed." 

It  is  evident  that  Mr.  Shreve  meant  that  the  bracing  between  the 
upper  and  lower  tubes  of  the  ribbed  arch  at  St.  Louis  is  useless  when  the 
arch  is  raised  by  temperature,  and  that  the  strains  which  are  transferred 
by  the  braces  to  the  lower  tube  in  that  bridge  are  too  small  to  be  noticed. 
Plainly  committed  to  this  record,  Mr.  Shreve  strives  to  make  "Rankine, 
Stoney,  Weisbach  and  every  other  author"  he  has  read,  and  myself  also, 
responsible  for  a  mistake  which  he  now  sees  so  plainly  that  he  actually 
bases  his  new  analysis  on  the  very  fact,  that  bracing  beneath  a  parabolic 
ribbed  arch  uniformly  loaded,  is  absolutely  necessary.  While  referring 
to  these  authors,  he  forgets  that  it  would  be  simply  impossible  to 
transfer  the    enormous    pressure    he    finds    in   the    lower   tube  at   the 

*  Page  163.  t  Vol.  Ill,  page  228. 
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centre,  to  the  upper  one  of  the  abutments,  except  through  the,  bracing 
which  he  would  make  us  believe,  Rankine,  Stoney  and  Weisbach  support 
him  in  declaring  to  be  useless.  In  discussing'  his  fifth  error.  Mr.  Shreve 
does  not.  therefore,  seem  consistent.  If  he  will  read  these  authors  more 
carefully,  be  will  find  they  may  properly  say,  that  bracing  beneath  a 
parabolic  arch  equally  loaded  will  be  under  no  strain  if  the  arch  be  com- 
posed of  our  single  member  and  is  not  affected  by  temperature ;  but  when 
that  member  is  divided  into  two  parts,  one  placed  at  some  distance 
above  the  other,  and  the  two  are  strongly  braced  together,  and  thus 
constitute  a  ribbed  arch,  the  case  is  very  different  at  all  temperatures, 
except  that  at  which  the  upper  and  lower  members  bear  equal  parts  of 
the  load.  He  will  find  none  of  the  distinguished  authors,  he  names 
advancing  a  proposition  so  untenable  as  thai  the  bracing  in  a  parabolic 
ribbed  arch  uniformly  loaded,  can  receive  no  strain  when  the  arch  is 
affected  by  extremes  of  temperature. 


Errata. — On  page  126,  in  equation  33,  for 

*P{h-eh).zQ{h-gh) 
h      ~+         h         ' 
read  2P  e  -|    2  Q  g. 
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In  Van  Nostrand's  Eclectic  Engineering  Magazine,  September,  1874, 
there  appeared  an  article  by  Thomas  Guerin,  C.  E.,  on  the  Baie  Verte 
Canal,  which,  though  plausible  at  first  sight,  is  so  misleading,  and  is 
founded  on  so  gross  a  hydraulic  heresy,  that  it  ought  not,  perhaps,  to 
remain  unanswered. 

The  first  part  of  the  present  discussion,  which  is  to  prove  Mr.  Guerin 
wrung,  was  not  difficult  ;  the  second  part,  to  show  what  is  the  correct 
solution  of  his  problem,  and  what  should  be  substituted  for  his  calcula- 
tions, required  more  time,  and,  as  noticed  below,  demanded  also,  in 
order  to  be  able  to  speak  with  some  certainty,  the  making  of  experi- 
ments on  a  scale  so  large  as  to  approximate  somewhat,  in  the  dimensions 
of  the  experimental  apparatus  t<>  those  of  tin-  Baie  Verte  Canal,  to 
which  the  results  of  the  experiments  were  about  to  be  applied.  : 


;  At  the  outset,  I  desire  to  make  due  acknowledgment  to  two  persons,  who  have,  m  no  smalt 

rendered  the  pr  ble; — to  Mr.  James  B.  Francis  of  Lowell,  Mass., by 

kindness  I  was  enabled  to  make  certain  experiments  on  wave  motion  on  a  very  largf 

scale,  and  to  my  assistant,  Mr.  Reuben  Shirreffs  of  Nova  Scotia,  whose  continued  interest  in 

the  matter  at  first  awakened  and  then  sustain  id  my  own,  from  the  beginnin  I  oi  thi 

ssarily  prolonged  investigation. 
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Mr.  Guerin's  article  would  be  an  excellent  one,  were  not  the 
very  basis  of  it,  an  illusion.  I  allude  to  the  assumption  that 
r  =  n  \  /■.  where  n  is  a  coefficient  by  Mr.  Guerin  supposed  to  1"'  some- 
what uniform,  /•  is  the  vertical  rise  of  a  tidal  stream  during  any  length 
of  time  /,  and  v  is  its  mean  horizontal  velocity  during  the  same  time.* 
From  two  experiments,  Mr.  Guerin  deduces  n  ■  L. 3313  and  1.3124,  and 
then  says  :  "  This  is  an  important  principle  and  worthy  the  attention  of 
engineers  who  may  be  engaged  on  similar  duties.  It  is  to  be  hoped  that 
some  gentleman  will  verify  or  amend  this  coefficient  in  some  other 
locality."  To  test  the  above  enunciated  "principle,"  therefore,  1  have 
taken  data  given  in  Beardmore's  Manual  of  Hydrology,  relative  to  the 
tidal  phenomena  of  the  Clyde,  those  given  in  Hagen's  Wasserbau,  Vol. 
HI,  page  161,  relative  to  the  tide  on  the  Weser,  and  finally  those  to  be 
found  in  the  Annales  des  Ponts  et  Chaussees,  L861,  in  an  article  by 
M.  Partiot,  on  the  Seine.  The  following  are , the  results  compared  with 
the  two  values  i  if  n  already  given  : 

On  the  Missiguash,  1.3313  and  1.3124  ;  on  the  Clyde,  opposite  Glas- 
gow, 34.685;  Clyde  hank.  65.407;  Bowling,  116.82  and  Port  Glasgow, 
90.03  :  on  the  Weser,  opposite  Flagbalger  Siel,  2.504  and  on  the 
Seine,  3.612. 

It  thus  appears  that  n  is  not  a  constant  for  different  parts  of  tie-  same 
river,  nor  for  any  two  rivers.    In  fact  there  is  no  such  law  as  /•       n  \    r 
in  tidal  streams,  for  the  rise  and  flow  of  the  tile  are  far  more  a  matter  of 
the  propagation  of  waves  than  of  flow  in  a  channel.     The  mistake  of 
neglecting  the  velocity  of  wave  propagation  leads  Mr.  Guerin  further  on 
intoevident  absurdities,  as,   for  example,!  when  he  admits — though  he 
seems  to  say  that  this  is  allowing  too  much — that  the  discharge  into  the 
canal  at  any  tide  will  come  to   a   level   during   the  next  36  hours.      Such 
tenacity  of  purpose   in  remaining  on  an   inclined   plane  would  he  sur- 
prising in  a  compound   of  tar  ami  treacle,  hut   in   the  case  of  wider  is 
simply  out  of  question.     Water  does  not  flow  on   water  as  though  the 
water  underneath  it  were  a  sheet  of  ice  or  any  other  smooth  channel,  but 
is  moved  along  under  these  circumstances  with   far  greater  velocity.     If 
should  suddenly,   hut   not   necessarily  ungently,  place  a  tub  full  of 
wat.r.  for  example,  on  the  surface  of  the  still  wat  r  at  one  end  of  a  canal, 
it  would  not  rJ'nr  along,  but  would  at  once  sink  where  it  was  placed,  then 
rise  again  immediately  next  to  that,  and  so  roll,  or  roll  other  water  along 
— that  is,  produce  a  wave,  and  what  has  been  termed  a  translator^    or 
I'ary  wave,  in  distinction  from  a  wave  of  oscillation. 

*  Van  No.stii:  Vol.  XI,  page  241.         t  Ibid,  pa. 
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This  subject  is  excellently  treated  by  Darcy  and  Bazin,  in  their  work, 
-Siii'  la  Propagation  des  Ondes."  Made  at  the  expense  of  the  French 
government,  the  experiments  detailed  in  this  volume  leave  but  little  to 
be  desired  on  the  score  of  accuracy,  and.  discussed  by  so  aide  a  hydraulic 
engineer  as  Bazin,  their  results  may  be  accepted  with  confidence.  They 
exrjeriuiented  on  the  speed  with  which  a  solitary  wave  passes  along  a 
canal,  either  in  still  water  or  with  or  against  a  known  current.  This 
wave  was  produced  either  by  suddenly  injecting  a  small  quantity  of  water 
into  the  canal,  producing  a  positive  wave,  or  by  withdrawing  suddenly  a 
small  quantity  of  water  at  one  end  of  the  canal,  giving  rise  to  a  negative 
wave.  This  already  gives  us  two  kinds  of  waves  in  three  different  states 
■of  the  canal,  or  six  series  of  experiments.  Besides  this,  the  depth  of  the 
water  in  the  canal  was  made  to  vary  in  the  several  series.  M.  Bazin  next 
made  a  similar  series  of  experiments  in  still  water,  witli  and  against  the 
<current,  with  a  continuous  flow  of  water  into  the  canal,  instead  of  merely 
the  sudden  projection  of  only  a  small  quantity  of  water  into  or  out  of  the 
He  then  had  a  long  sheet  of  Wider  moving  along,  instead  of  only 
solitary  wave.'*  Here  again  the  quantity  of  water  flowing  in  was 
varied,  as  was  also  the  depth  of  the  canal.* 

It  may  be  noted  that  Darcy  and  Bazin's  experiments  go  farther  than 
any  that  preceded  them.  They  are  on  a  much  larger  scale  and  very  per- 
fectly made  ;  hence  their  book  also,  is  very  complete  on  the  subject  under 
■discussion.  On  the  matter  of  experiments  made  with  a  continuous  flow 
■of  water  into  or  on  water,  it  is  perhaps  unique. 

In  one  point,  however,  the  last  mentioned  experiments  of  Darcy  and 
Bazin  require  a  new  discussion  before  they  can  be  used  in  calculating  the 
flow  of  water  through  a  submerged  orifice  into  a  long  canal.  These  ex- 
perimenters had  a  continuous  flow  of  water  into  the  canal  independent  of 
the  height  of  the  water  in  the  same  ;  in  our  case  the  height  of  the  water 
inside  will,  together  with  the  height  of  the  tide  outside,  constantly 
determine  what  is  the  head  on  the  orifice  of  discharge. 

For  the  sake  of  lucidity,  it  may  be  well  before  going  further,  to  repeat 

in  a  few  words,  the  general  description  of  the  proposed  Baie  Yerte  Canal. 

The  plan  of  the  Chief  Engineer  of  Public  Works  of  the  Dominion  of 

*  I  do  not  propose  to  quote  in  this  place  from  J.  Scott  Russell's  experiments,  printed  in 
the  "  Report  of  the  Fourteenth  Annual  Meeting  of  the  British  Association  for  the  Advance- 
ment of  Science,  1*44."  nor  from  the  data  given  in  Beardmore's  Manual  of  Hydrology,  nor 
from  the  purely  theoretical  p  Mr.  Airy),  in  the  Encyclopedia 

Metropolitana,  though  they  all  contain  much  that  t.      In  Transactions  of  tl 

Vol.  I,  page  f  by  Mr.  William  J.  McAlpine,  on  "Waves  of  Translate 

fresh  Water,"  prompted  by  his  connection  with  a       'before  the 

3eiv  V  irk  Canal  C  -  in  lsqo.    The  full  I  lit  has  also  been  printed, 

and  contains  much  on  the  general  subject  of  waves  and  wave  a 


188 

Canada,  which  alone  will  be  examined  in  this  paper,  proposes  a  canal  iif 
one  level  about  20  miles  long  with  locks  at  either  end.  to  conned  th< 
Bay  of  Fundy  and  Baie  Verte  in  the  Gulf  of  St.  Lawrence.  The  cross- 
section  of  the  canal  to  be  an  ordinary  cut,  side  slopes  2  to  1.  bottom  LOO 
feet  wide,  depth  to  vary  from  Li  to  19  feet.  Low  water  mark  (when  the 
depth  of  water  is  li;  feet),  is  grade  85  ;  high  water  mark  is  grade  88.  In 
this  design,  two  reservoirs  are  proposed,  each  to  lie  connected  with  the 
canal  by  suitable  feeders,  and  each  fed  in  turn  from  the  Lay  of  Fund) 
tides,  through  slniei  s.  The  high  water  mark  of  these  reservoirs  is  limited 
to  grade  ss  tor  purpos  :s  of  marsh  drainage,  and  their  Low  water  mark  is 
of  course,  Limited  as  in  tie- canal,  to  grade  85.  The  tide  in  the  Lay  ol 
Fundy  sometimes  rises  in  storms,  to  grade  LOO;  sometimes  reaches  only 
grade  85  for  several  days  in  succession.  \t  the  Baie  Verte  end  the  canal 
is  always  closed,  except  for  locking  vessels  down. 

If  the  Baie  Verta  Canal  opened  directly  into  the  Lay  of  Fundy.  as 
soon  as  the  tide  reached  the  canal  level,  it  would  form  merer)  an  ex 
tension  of  the  same  in  a  channel  of  Less  depth,  and  the  top  of  the  tidal 
wave  would  be  propagated  in  the  canal,  or  would  move  alone-  its  Length, 
with  a  velocity  due  to  th  >  depth  of  the  canal.  Bui  each  element  of  the 
tidal  wave  would  move  with  approximately  the  same  velocity,  therefore 
at  any  moment  before  the  tide  reached  the  further  end  and  is  broken  up. 
the  longitudinal  section  of  tie-  quantity  of  water  that  had  entered  the 
canal,  would  he  simply  a  longitudinal  section  of  the  upper  part  of  a 
huge  wave  ;  the  top  of  it  as  high  as  the  elevation  of  high  water  imme- 
diately inside  the  entrance  of  the  canal  ;  its  base  as  many  minutes  long  as 
the  flow  into  the  canal  had  Lasted,  and  to  reduce  this  length  of  base  from 
minutes  to  feet  or  miles,  we  would  have  hut  to  introduce  the  velocity  "I 
wave  propagation.  In  rectangular  channels  this  is  >■  x  g  //,  win 
is  the  acceleration  of  gravity,  and  //  the  depth  of  water  in  which  the 
wave  is  to  he  propagated.  More  exactly,  v  ,  <j  \U  ■  in,  where  h  is 
the  heighl  of  tie-  wave.     When  th  tioii  of  th  •  channel  is  not  rectan- 

gular, authorities  are  yet  divided,  and  sufficient  experiments  have  not 
been  mad-  to  <\  vide,  whether  t  >  t  ike  for  the  depth  //,  the  average  depth 
(area  divide. 1  by  the  width]  or  twice  tie-  distanc  ■  of  tie-  centre  of  gravity 
of  the  cross-section  ;  below  th  Line.     Asthe  former  gives  the  least 


*  I  hardly  know  whether,  before  procei  cling  with  the  details  of  the  new  calculation,  it  will 
be  needful  to  give  proofs  of  the  correctness  "t  the  theory  ol  wave  propagation,  derived  from 

rations  of  natural   phenomena  and   from   experiments,  and  of  the   applicabilitj 
same  to  our  case-of  the  Baie  Verte  Canal,  or  not.    i  in  the  whole  it  will,  perhaps,  l»   sufficient  on 
this  point  to  refer  to  the  works  already  cited,  together  with,  say,  David  Stevenson's  --Canal 
ami  River  Engineering." 
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velocity,  and  hance  is  safest  to  usa  in  our  test  of  the  Baie  Verte 
project,  I  have  taken  for  //  the  average  d  ;pth  of  the  section  of  the  Baie 
Verte  Canal.  At  a  mean  water  level  (on  grade  86.5)  this  is  13.9  feet,  or 
r  =  v  g  H  =  21.15  feet  per  second.  If  we  take  the  average  velocity  of 
the  point  of  the  beginning  of  the  rise  of  the  water  in  the  canal  to  be 
2\  feet  per  second,  the  canal  being  about  1<4  900  feet  long,  it  will  be  4  995 
seconds  after  the  rise  begins  at  the  Bay  of  Fundy  end  before  the  water 
commences  to  rise  at  the  Baie  Verte  end.  For  any  less  length  of  time  than 
4  995  seconds,  the  distance  to  which  the  beginning  of  the  rise  has  been 
propagated  can  readily  be  obtained,  and  in  this  way.  as  has  been  said, 
the  quantity  of  water  which  had  entered  the  canal  at  any  time  could  be 
calculated  without  difficulty  Mr.  Guerin  has  started  from  this  assump- 
tion, that  the  water  at  the  entrance  of  the  canal  was  always  as  high  at  high 
wat  t  as  it  is  in  the  bay  ;  but  taking  his  r  to  act  only  on  the  top  layer  cf 
the  canal— and  this  v  =  velocity  of  the  water  =  velocity  of  the  beginning  of 
the  rise  =  3  or  4  feet  per  second,  when  the  velocity  of  the  rise  should  be  2\ 
feet  per  second — he  cannot  but  arrive  at  wrong  results.  The  "  velocity  of 
tie  rise"  has  been  spoken  of  with  design  in  distinction  from  the  vel- 
ocity of  the  water,  and  the  two  must  not  be  confounded.  Although  the 
beginning  of  the  rise  travels  with  the  velocity  of  a  mile  in  4m.  lis.,  or 
14.3  miles  per  hour  (which  is  pretty  good  roadster's  time),  vet  the  water 
of  the  canal  itself  moves  much  slower,  perhaps  not  one  foot  per  second. 
During  the  experiments  about  to  be  related,  with  a  wave  velocity  of  some 
20  feet  pel-  second,  the  observed  surface  velocity  was  never  over  0.8  feet 
p  r  second,  sometimes  it  was  0,  and  sometimes  it  was  even  up  stream. 

Returning  now  to  the  Baie  Verte  Canal,  it  will  be  evident  that  when 
the  water  of  the  hay  is  let  into  a  reservoir  or  reservoirs  through  sluices 
■of  greater  or  less  constant  cross-section,  that  then  the  water  on  the  in- 
side can  never  attain  the  same  height  that  it  does  on  the  outside  ;  it 
must  have  a  head  to  force  it  through.  This  head  may  lie  very  small 
under  certain  circumstances — such  as  a  large  area  of  cross-section  of  the 
sluice—becoming  0,  were  it  not  for  friction,  when  the  section  of  the  sluice 
is  that  of  the  canal.  The  faster  the  wave  moves  away  from  the  orifice 
on  the  inside,  and  thelower  the  height  of  the  wave  — that  is  for  the  first, 
the  deeper  the  canal,  and  for  the  second,  the  wider  the  canal  or  reser- 
voir is.  with  the  same  wave  velocity  — the  less  rise  on  the  outside  will 
produce  the  same  head,  or  with  the  same  rise  on  the  outside,  the  more 
water  will  flow  in  during  the  same  time-.  There  is  something  startling 
at  first  view  in  the  idea  that  before  water  can  flow  into  a  canal,  closed  at 
the    other  end   and  its    own    watens  in  a  state   of   rest,    the   wave  formed 
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by  the  introduction  of  the  new  water  must  first  get  out  of  the  way  ;  th&i 
is  to  say,  the  ne"v\  water  c     i  in  any  faster  than  enough  to  fill  up 

the  vacanl  the  wave  of  translation,  a  space  that  is  equal 

to  the  width  of  the  canal,    multiplied  by  the  height  of  the  wave  and  its 
length  per  second  due  to  the  velocity  of  the  wavi    p  r  second.     It'  this 
is  not  fcru  .   then  one  of  two  things  must  happ  n  ;  either  the  wave  i 
travel  fasl   H  orj  allows   I  >r  it.   or  else  the  height  of  the   wave 

will     in  oul  ['voir  and  canal  connected  by    a  submerged 

orifice     be  unable  to  form  t!i  nside  wati  v  Level,  orto  determine 

in  conjunction  with   the  outside   water   Level,    the  head  at   work   at  any 
moment  in  producing  a  discharge  into  the  canal. 

The  theory  as  enunciated  in  the  sentence  Last  but  one,  is  put  forward 
by  M.  Bazin,  under  certain  limitations  as  to  depth  of  canal  and  quantity 
of  inflow,  for  the  case  when  the  inflow  is  independent  of  the  level  of  the 
water  in  the  canal  ;  it  was  to  test  its  reliability  in  the  case  of  water 
flowing  from  a  reservoir  inl  i  a  lone-  canal  through  a  submerged  orifice, 
that  my  experiments  were  undertaken.  As  far  as  can  be  judged  from  a 
comparison  of  many  phases  of  the  tlrree  experiments,  their  result  is 
confirmatory  as  to  the  correctness  of  M  Bazin's  formulae,  but  shov 
the  same  time  that  the  discharge  into  the  canal  is  diminished  under 
these  circumstances  liy  the  violence  of  the  motion  of  the  water*  at  tlie 
inlet.  This  again  is  probably  du  ■  to  the  resistance  to  the  introduction 
of  other  water,  that  is  caused  by  the  inertia  of  th  <  volume  of  water  aln 
in  the  canal  and  in  a  state  <  >f  rest. 

I  proceed,    therefore,    t>   describ  experiments,   male  on  the 

Northern  ('anal  at  Lowell,  Mass.,    I  igether   with  a  d  sduction  from  fcl 
and  the  foromhe  of  M.  Bazin,  of  new   formulas  applicable  to  such  i 
as  that  oi  th  •  Bai  :  Vert  •  Canal.    The  X  irthern  Canal  al  Lowell  sup] 
part  of  the  mills  at  thai  place  with  the  waters  of  the  M  srrimack   rivei". 
At  the  h  v  >]  of  the  top  of  the  Pawtucket    dam,  which  retains  the  water  of 
the  Merrimack,  immediately  adjoining  the  head-gates  (we  will  call  I 
level  grade  2  ,  the   canal   has  a  constant  sectional    area   of  about   1  508 
square  feet.     Its  width  varies  from  103  to  80  feet,   and  its  depth  \ 
correspondingly   from    15  to  20  feet.      The   area    being  constant,   and 
tin    average   width    having  been   found   to  be  96.78   feet,    the  avei 
depth    may   be   taken    at    about    15.6    feet.     Th  ■    length    of   this    canal 
is  about  4  339  feet,  some  '2  700   feet  of  this  length  are  on  two  straight 
lines,  the  balance  on  curves  of   about  700   feet  radius  on  the  centre  line. 
At  the  end  of  these  4  339  feet  the  canal   turns  abruptly  90  .  or  may  be 
said  to  enter  at  that  angle  the  Western  Canal,  which  was  closed  by  tu< 
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lock-gates  about  565  feet  from  the  Northern  Canal  entrance.  The 
width  of  this  piece  of  the  experimental  canal  was  50  feet  for  about  500 
feet,  then  diminished  t  >  30   feet  and  was  30  feet  wide  for  some  40  f, 

Gauges  graduated  to  hundredths  of  a  foot   were  placed  in  the  canal, 
380,    2  280  and  4  904    feet    below  the  head-gates,  thi  being 

at  the  extreme   end  of  the  experimental  canal.     Iron  graduated 

to  inches,  which  were  already  in  the  canal  close  to  th<  head-gates,  and 
at  the  end  of  the  Northern  Canal,  that  is  4  339  feet  from  the  head-gates, 
were  also  used  and  were  read  by  experienced  observers  who  could  esti- 
mate the  tenth  (if  an  inch.  The  level  of  still  water  served  to  compare 
the  s  vera!  gauges.  The  head-gates  are  ten  iu  number,  and  measure  8 
feet  in  width  in  the  clear.  They  are  about  one  foot  thick  and  are  raised 
by  being  screwed  up  by  the  power  of  a  small  turbine,  which  operates  as 
many  gates  at  a  time  as  may  be  desired.  In  the  first  experiment,  two;  in 
the  second,  eight,  and  in  the  th  rd,  six  gates  were  thus  operated  on.  In 
each  experiment  the  gat  -  were  raised  5  feet,  then  allowed  to  stand 
(only  15  seconds  in  the  second  experiment),  then  lowered  again. 

The  head  at  the  gates  varied  some  in  the  several  experiments,  as  in  the 
table  given,  page  192.  In  each  one,  the  discharge  was  through  a  submerged 
orifice,  and  by  using  coefficients  of  contraction  derived  from  a  series  of 
very  canful  experiments  made  at  the  Tremont  gates,  which  are  of  a 
similar  construction,  the  discharge  due — the  head  at  any  moment  for  the 
ordinary  case  of  a  "  regim    "  havin  i  bi  she  / — could  be  calculated 

with  a  certainty  of  being  neither  too  large  nor  too  small  by  more  than  2 
or  :;  per  cent.  The  watches  of  all  the  observers  having  been  set  exactly 
alike,  and  the  experiment  having  commenced,  the  rive  gauges  were  read 
every  half  minute,  while  the  sixth  observer  noted  the  time  of  starting 
and  stopping  the  gates,  both  on  their  upward  as  well  as  downward  course. 
The  series  of  experiments  does  not  pretend  to  that  degree  of  accuracy  or 
completeness  which  is  requisite  for  the  evolution  of  new  laws  or  formula', 
but  as  a  test  of  principles  and  formula'  already  established,  it  answered 
its  purpose  well  enough.  To  have  been  able  to  read  the  action  of  the 
wave  nearer  than  say  5  or  10  seconds,  as.  for  example  in  Darcy  and 
Bazin's  experiments,  where  tenths  of  a  second  were  estimated  and  waves 
only  a  few  hundredths  of  a  foot  high  were  read,  and  to  make  many 
series  of  experiments,  would  have  required  apparatus  and  expense  evi- 
dently beyond  the  m  sans  of  an  ordinary  experimenter. 

On  the  following  page  is  tabulated  some  of  the  data  of  the  experi- 
ments, omitting  such  relative  to  the  dimensions  of  the  canal  that  have 
been  a  [ready  given. 
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The  observed  wave  velocity  agrees  with  the  theoretical  one  tolerably 
well.  When  If,  the  depth  of  the  canal  =  13.4  feet  (experiment  II),  r  = 
\/'gH  =  20.75;  4  339  feet  in  3m.  45s.  gives  v  =  19.28.  As  soon  as 
the  first  wave  of  translation  reached  the  further  end  of  the  canal, 
it  was  reflected  in  the  shape  of  an  oscillatory  wave,  which  then  traveled 
up  and  down  Che  canal,  both  while  the  water  was  rising  and  long  after 
the  gates  were  closed;  two  hours  after,  the  waves  were  still  about  0.13 
feet  high.  The  velocity  of  these  oscillatory  waves  was  for  the  t  900  feet 
and  return,  about  23.79  feet  per  second,  varying  not  more  than  to 
seconds  in  the  several  observations  for  the  time  of  transmission  and  re- 
flection, once  n]i  and  back  again.  The  depth  of  water  being  then  Hi. -J 
feet,  theoretically  the  velocity  should  be  \  L6.2#  22.85  feet  per  second. 
These  observations  do  not  differ  from  theory  to  an  unreasonable  degree. 
Had  the  experimental  canal  been  straight,  especially  without  the  right 
angle  al  the  end,  of  a  perfectly  rectangular  cross-section,  of  uniform 
depth  and  had  our  means  of  observation  been  better,  I  presume  that  the 
results  would  have  agreed  closer  with  theory. 
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The  conclusion  arrived  at  by  other  experimenters,  is  that  the  velocity 
of  the  wave  is  independent  of  the  force  that  produced  it,  and  the  three 
experiments  detailed  cannot  be  said  to  have  disproved  such  a  law.  That 
the  wave  in  exp  sriment  I.  seemed  to  be  '20  seconds  longer  in  traveling 
1  339  feet,  may  be  due  to  not  being  able  to  catch  the  exact  moment  of 
the  small  beginning  of  the  rise,  or  from  other  disturbing  causes.  A  tol- 
erably marked  feature  in  the  experiments  was,  what  might  he  called  the 
tilting  of  the  whole  canal  surface,  like  what  children  call  a  "teeter," 
joined  with  the  oscillatory  wave  traveling  up  and  down  the  canal.  This 
caused  two  waves  to  register  on  the  middle  gauge  for  everyone  at  the 
end  gauges.      Another  decided   feature  was  the  tendency  of  the  water  in 
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each  experiment  to  reach  a  higher  level  at  the  further  end  of  the  canal 
than  it  did  at  the  inlet.  I  observed  this  same  thing  in  an  experiment 
made  on  the  pond,  some  1  400  or  1  500  feet  long  and  160  feet  wide,  of  a 
tide-null  back  of  Chelsea,  Mass.  The  pond  was  fed  through  an  opening 
about  14  feet  wide  and  ('.  feet  deep  when  the  gates  first  opened.  The  rise 
was  felt  at  the  upper  end  of  the  pond  in  about  Hi  minutes  (channel  flat 
and  perhaps  8  or  9  feet  deep  at  the  deepest)  and  within  10  minutes  the 
level  at  the  upper  end  was  the  highest  ;  after  a  few  oscillations,  lasting  10 
minutes  more,  it  remained  higher  than  the  level  at  the  inlet  for  4(1  min- 
utes, the  difference  of  level  being  pretty  steadily  about  0.04  to  0.05  feet  ; 
for  20  minutes  more  the  two  were  about  on  a  level,  or  slightly  oscillat- 
ing ;  then  came  10  minutes  of  nearly  slack  water,  with  the  tide  outside. 
the  water  at  the  inlet  and  at  the  upper  end  of  the  pond  about  on  the 
same  plane.  A  comparison  of  the  quantities  of  water  that  actually  en- 
tered the  Northern  Canal  during  different  periods  of  the  three  experi- 
ments— the  end  of  the  periods  being  always  after  the  rise  had  reached  the 
further  end  of  the  canal — with  the  quantities  that  should  have  entered 
the  canal  according  to  the  well-known  formula'  for  the  gradual  tilling  of 
■  in  vessel  from  another  having  a  constant  water  level,  and  which  rests 
•m  the  assumption  of  an  instantaneous  and  uniform  distribution  of  the 
influx  over  the  whole  inside  area,  shows  very  regularly,  that  the  former 
was  about  0.70  of  the  latter. 

The  most  interesting  parts  of  the  Northern  Canal  experiments  for 
our  present  purposes,  were  the  several  first  :'■;  to  4  minutes  of  each  and 
the  corresponding  rates  of  rise  of  gauge  I.  The  wave  of  translation  had 
not  then  reached  the  extreme  end  of  tin-  canal  and  the  results  were 
similar  to  what  might  be  expected  in  any  canal  before  the  rise  had  com- 
menced at  the  further  end.  Darcy  and  Bazin,  also  J.  Scott  Russell, 
observe!  in  all  their  experiments,  that  a  solitary  wave  gives  no  admoni- 
tion of  its  coming.  Action  and  reaction  being  equal,  it  would  follow. 
-nice  the  wave  produces  no  effect  on  the  water  ahead  of  it,  that  this 
water  in  turn  can  produce  no  effect  on  the  wave,  or  in  other  words,  that 
until  the  wave  reaches  the  end  of  the  canal,  the  canal  might  have  any 
length  without  changing  the  wave  velocity  or  height  of  wave  ;  or  again, 
that  these  results  of  experiments  on  a  canal  4  900  feet  long,  could,  with  a 
considerable  degree  of  confidence,  lie  applied  to  the  case  of  a  canal  20 
miles  lone. 

M.  Bazin's  formula',  for  the  case  of  a  continuous  flow  of  water  into  a 

i-anal  containing  water  at  rest  ai'e  as  follows:   >■       gHv=    .     in   which  n  is 
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the  velocity  of  the  first  wave,  g  is  the  acceleration  of  gravity  in  feet  per 
s  •<•  >nd,  and  //  is  the  initial  depth  of  the  c  I  in  fe  it  ;  Q  being  the  dis- 
charge in  cubic  feet  per  second  into  the  canal    and  w  the  width  of  the 

<>  . 

canal  in  feet :  q  =   '  ,  or  the  discharge  per  unit  of  width. 

'to  L 

The  height  of  the  first  wave  is  taken  in  t:i     above  formula  at    ::   the 
height  of  the  plane  of  water  thai   follows  it.     When  the  height  of  this 

of  water  (=  '  )  isg  than  //,  the  wave  breaks  up,     Also,  if  U 

v 

sents  the  velocity  of  the  v,  iter  in  the  canal  behind  the  wave,  that  is 

Q         a 
requisite    for   th-  delivery   n\    <>.   tint    is.    it    /  ',,       ...   then  when 

I'  s  'lijll.  the  wave  will  again  break  up,  or,  as  M.  Bazin  expresses  it, 
"  deferlement, "  will  take  place.  The  cubic  equation  given  being 
somewhat     inconvenient     in     calculations,     he     finds     that     whenevei 

.  (i.T.  the  simple  formula  v   =  v  ,; //       j   U  may    be  substituted 

-*'\  '2>/ll 

for  it,  without  matenal  error.      ,,  was  always  less  than  0.7    i 

''\  2gH 

experiments.  \  ■/ // was,  as  has  been  mentioned,  from  L9  to  22  feet  pei 
second,  while  .  V  varied  from  0.6  to  L.2  feet  per  second.  Not  to  compli- 
cate calculation  too  much,  in  the  ca«e  of  the  Buie  Verta  Canal,  and 
because  it  could  evidently  be  done  without  material  crnM-.  1  have  omitted 
in  the  following  investigation  the  small  term  ;  U ;  by  so  doing,  the 
conditions  are  also  made  less  favorable  for  the  canal  project  and  ar 
the  safe  side. 

Take  now  the  case  of  the   Northern  Can  d  in   my  exp  irim  mts  or  that 
of  the  Am  Lac  il  'servoir  an  1  Baie  Verke  Canal.      Let  //  b  ■  tl  e  depth  of 

the  canal  when  the  gates  are  opened; 

h  tin-  height  of  the  water  above  the 


li 

.^ 


at  which  mi  the  outside  the  water 
stands  A,  feet  above  lh  ■  original  canal  Level,  and/,  the  distance  which  the 
first  wave  has  traveled  since  the  gates  were  opened.     The  problem  is  t< 
find  the  value  of  h  and/;  having  given  //.  /<,.  the  effective  area  (S)  of  th< 
submerged  orifice  an  1  th  i  wid  h    w)  of  th  •  caual. 

Approximatelv,  /  =  £  N    a  u  =  lv;  h  = 

and  Q=  S\    1g  \    // ,  -  -  7,   or    Q=  S    \    2  yJ/i,-A  when,, 

'  \  v     /,•    /■    '  ID    r. 
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Q  being  .unci).  7t   is  easily  found,  I 


Q 


I  have  tested  this 


formula  for  different  stages  of  the  three  experiments  on  the  Northern 
Canal  with  the  following  result : 


Period  of  the  Experiment  when  the 

\"    IS   MADE. 


Wave  Heights 


Correction. 


I. 

ir. 

ii. 
in. 
in. 
in. 


Gatesallopen 0.G38  0.54 

End  of  first  4  minutes  1.37  1.15 

"5         "  1    79  1.52 

Gat<  s     "pen         "         0  S3  0.79 

••        ,      ■•  "  1.34  1.17 

••     all   •'  ••         1.78  1.5 

Mean 


34 

0    -4 
1 1 .  85 

0.S7 
0.84 

0.80 


From  this  it  seems  to  he  reasonably  safe,  in  making  the  calculations 
for  the  Baie  Verte  Canal  to  use  the  formula  last  given,  with  0.86  as 
a  coefficient  of  correction.  I  presume  that  this  coefficient  is  due  quite 
as  much  and  perhaps  more,  to  error  in  the  assumed  discharge  into 
the  canal,  than  it  is  to  error  in  the  wave  velocity,  the  reasons  for  which 
supposition  have  been  given  above. 

Let  us  calculate  for  the  case  of  only  one  reservoir,  the  An  Lac;  this 
reservoir  to  be  connected  with  the  Bay  of  Fundy,  by  1300  or  1400 
square  feet  of  effective  sluica  cross-section,  anl  with  the  canal  by  the 
King's  Creek  Fe<  der,  which  is  assumed  to  he  of  the  same  cross-section  as 
the  canal.  For  purposes  of  calculation.  I  shall  assume  that  during  the 
filling  of  the  reservoir  and  canal,  the  two  are  separated;  that  the  feedei 
and  canal  are  supplied  with  water  from  the  bay  through  a  sluice  of  1  mill 
square  feet  of  cross-section,  and  that  the  reservoir  has  its  own  supplying 
orifice  of  300  or  400  square  feet.     We  have,  then: 

Reservoir 4  '.'7'. t  square  feet  area  and       9  200  feet  long. 

Canal  and  feeder 17  209  000  ■■  "  104  900 

Total  area 22  188  000 

The  depth  of  the  canal  will  vary  from  hi  to  l'.i  feet.  When  17.5  feel 
deep,  we  ha  1  the  wave  velocity  21  feet  per  second  and  shall  assume  it 
to  remain  constant.  Then  in  4  995  seconds,  or  in  lh.  23m.  15s.  after  the 
gates  open  at  the  An  Lac  Res  >rvoir,  the  rise  will  he  felt  at  the  Baie  Verte 
end  of   the  canal.       I  assume  next  that  the   series  of  gates  that  lead  into 
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the  canal  or  An  Lie  Reservoir,  are  to  be  similar  in  construction  to  those 
at  the  head  of  mil]  canals,  that  they  arc  to  lift  up  and  slide  down  in 
grooves,  in  order  that  the  inside  water  Level  may  be  effectually  prevented 
from  ever  coming  above  grade  88  ;  the  position  of  the  sill  of  the  pates  to 
be  such,  that  the  orifice  of  discharge  will  always  be  a  submerged  one.  which 
gives  a  ci  instant  area  at  work  from  the  beginning  of  the  influx  and  avoids 
calculating  for  the  still  unsolved  case  of  How  over  a  submerged  weip.* 
When  the  tide  rises  so  high  as  to  cause  the  inside  wave  height  in  the 
canal  to  go  higher  than  grade  83,  the  gates  need  not  be  shut  but  only 
lowered,  until  the  cross-section  of  sluice  under  them,  or  area  of  orifice,  is 
reduced  so  much  that  the  inside  Level  will  still  stand  no  higher  than  the 
required  elevation.  As  soon  as  the  tide  falls  below  88  however,  or  below 
inside  high-water  whatever  it  Ls,  the  gates  must  al  once  be  closed.  The 
time  that  the  insi  le  water  Level  remains  constant  in  this  way-  -whether  on 
grade  88  when  the  tide  rises  sufficiently  higher  than  that,  or  on  a  grade 
inferior  to  8S  when  the  tide  does  not  rise  as  high  as  88  plus  the  head 
necessary  to  fi  iree  itself  through  we  shall  call  the  time  of  "  effective  slack 
water."  The  discharge  into  the  canal  during  this  time  will  be  simply  a 
sheet  of  water,  in  width  equal  to  that  of  the  canal,  in  Length  equal  to  the 
distance  the  head  wave  has  traveled  during  this  time  of  "effective  slack," 
and  in  thickness  equal  to  the  difference  between  the  grade  of  the  inside 
water  at  the  time  the  gates  were  opened  and  the  grade  of  the  effective 
slack  water.  This  Latter  grade,  as  doubtless  has  already  been  inferred,  will 
be  either  88,  or  less  than  that  generally  speaking,  a  grade  that  will  de- 
pend either  on  the  diminution  of  the  outside  tide  level,  by  the  tide  being 
obliged  to  force  its  water-;  through  the  gate,,,  or  else  on  the  limit  of  88, 
which  the  inside  water  level  must  not  exceed,  for  purposes  of  marsh 
drainage.  How  this  inside  level  i->  to  be  regulated  so  as  never  to  exceed 
88— by  diminishing  the  orifice  of  discharge— has  been  already  mentioned. 
All  of  these  remarks  apply  only  to  the  first  4995  seconds,  which  is  before 
the  arrival  of  the  rise  at  the  Baie  Verte  end,  and  recalling  now.  that  the 
rise  is  caused  more  by  water  pushing  other  water  ahead  of  it  than  l>y 
actually  flowing  water,  it  will  appear  that  the  part  of  the  design  of  the 
reservoir,  which  is  to  afford  a  place  of  deposit  for  the  mud  held  in  sus- 
pension l>y  the  waters  of  the  Bay  of  Fundy,  will  not  be  interfered  with 
by  the  great  velocity  of  the  rise. 
Applying  now  the  formula 


*  Authorities  do  n ■  >t  agree  very  well  on  the  formulae  t'or  the  discharge  in  such  oases,  nor 

do   experiments  accord  with  the   various  authorities.     8( Dei-  Civil  lugenieur"  1870,  and 

"  Zeitscbrift  dps  Arch.  lug.  Verein  zu  Hannover,"  1866.  for  such  experiments. 
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and  substituting  successively  A  0.5  foot,  1  foot,  1.5  and  2.5  feet,  and 

If  =  170    feet,     r  21     feet  pel"  S  -colid  and   <S    —   1   (1(10  square   feet.    We  find 

the  differences    of   the   inside  levels  of   the  canal  and  outside  level   of  the 
tide  to  be  as  follows,  in  feet  ;  other  values  can  be  readily  interpolated. 


Outside  level  above  the  original  surface.        0.5  1.  1.5 

Inside  level  lower  tliau  the  outside..    ..  0.10G  0.266  0.46 


As  regards  the  reservoir  only  '.»  200  feet  long,  it  will  not  be  necessary 
to  calculate  the  amount  it  will  receive  aA  each  tide.  We  may  be  assured 
from  practical  experience,  some  examples  of  which  will  be  cited  further 
on  ;  that  with  an  opening  100  feet  wide  and  as  deep  as  the  rise  of  the  tide 
is  inside,  or  say  as  before,  with  an  opening  of  800  or  400  square  feet 
connecting  these  114.3  acres  with  the  bay  :  under  these  circum- 
stances, the  reservoir  will  fill  very  nearly  to  the  level  of  the  outside  high 
water,  at  each  tide.  In  the  calculation,  I  have  assumed  that  it  would  fill 
to  within  0.1  feet  of  the  outside  level.  Taking  then  the  data  relative-  to 
the  tides  of  October,  1870,  as  given  in  the  report  of  the  Chief  Engineer 
of  Public  Works  on  the  Baie  Verte  Canal,  and  calculating  under  the 
stated  conditions,  we  arrive  at  the  table  on  the  next  page,  which  will  be 
readily  understood,  if  not  of  itself,  then  from  the  explanations  which 
follow. 

Column  1  is  the  same  as  column  2  in  the  table  of  the  Baie  Verte  Canal 
report.  Assuming  that  the  88.95  tide  filled  the  reservoir  and  canal  to 
grade  88  to  start  with,  then  owing  to  a  demand  of  6  000  000  cubic  feet 
per  12  hours  for  lockage,  the  reservoir  and  canal  surface  will  have  de- 
scended 0.27  feet,  or  touched  grade  s~.~:'}  at  the  beginning  of  the  next 
tidal  influx,  as  at  the  head  of  column  2.  in  this  column,  each  figure  will 
equal  the  preceding  one,  plus  the  rise  produced  by  distributing  the  preced- 
ing total  influx  uniformly  over  the  surface  of  the  reservoir  and  canal,  nanus 
(1.27  for  lockage  ;  this  final  plus  or  minus  "  rise  '"  being  given  in  column 
0.  Column  3  explains  itself,  being  column  1  minus  column  2  :  column  1  is 
governed  either  by  the  limit  of  grade  88  for  the  rise  inside,  or  else  by  the 
greatest  attainable  height  inside,  through  1  000  square  feel  of  orifii 
the  time  of  tie-  greatest  height  reached  by  the  tide  on  the  outside 
Column  5  is -obtained  by  taking  the  rate  of  rise  of  the  tide  from  columns 
3  and  5  of  the  table  in  the  Baie  Verte  Canal  report,  then  finding  the  num- 
ber of  seconds  required  for  the  tide  to  rise  the  lieighi  given  in  column  I. 
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plus  tin-  head  necessary  to  produce  a  wave  of  this  height  inside.  At  the 
end  of  this  time  either  the  height  inside  will  remain  constant  of  itself — 
during  time  of  slack  water  outside — or  else  the  gates  must  be  lowered,  so 


1. 

2. 

3. 

4 

5. 

0. 

7. 

8. 

9. 

Elevation  of 

*  Itise  of  high  water  out- 
m         side,  above    the  canal 

•  surface. 

a 

.   j.' 
*E  '■£ 
o  ■ 

m    ~ 
C    u 

FEET. 

time    from    the,   bpgin- 
g  ,  1     niug  of  the  influx  to 
g          the    moment  ol   effee- 
-j          tive  slack  water. 

Duration  of  the  effective 

§          slack     water     in     the 

O           canal. 

50 

Calculated  mean  rise  of 
the   whole    canal    sur- 
face. 

1     u 

P  6 
<  a 

S  ^ 

=  5 

0  - 
.  3 
v.  > 

-  £ 

- 

c  x  -  a  t 
a  i  r   -  _ 

•J 

~  _x  a 
FEET. 

Calculated   mean   1 
the    canal   and 
voir  surface  line 
whole    influx,    1 
0.27  feet,  the  fa 
to  lockage. 

FEET. 

: 

FEET. 

s7.7:i 

1.22 

0.27 

584. 

0.208 

0.27 

-  0.048 

88.65 

0.318 

.-:.7. 

0.22 

-  0.028 

88   t 

0  746 

7-7. 

1  764. 

0.149 

0  346 

-  0.077 

88.1 

87.577 

0.523 

o.  in; 

1  020. 

0.092 

0.423 

-  0.104 

-7.1 

87. 173 

86. 123 
85.853 

-  0.27 

-  0.27 

86. 

-   0.27 

0.27 

0.27 

85. 

-  0.27 

85.3 

-  (1.27 

85.7 

0.117 

0.1 

322. 

600. 

0.015 

0.017 

-  0.255 

86. 

85.325 

0.675 

0.52 

1  663. 

600. 

0.149 

0.575 

-  0.025 

86.2 

85.3 

0.9 

0.67 

1   121, 

600. 

0.176 

0.8 

0   1  16 

86.4 

85.346 

L.054 

0.768 

1  531  . 

COO. 

0.21 

0.954 

-)   0.107 

-7.1 

85.453 

as  to  produce  what  has  been  called  an  "effective  slack  water."  The  du- 
ration of  this  lust  will  be  equal  to  twice  total  duration  of  rise  outside 
minus  time  to  effective  slack  water,  plus  dui  o  itside  slack 

and  v  ill  be  found  in  column  6.     Column  7  is  found  from  the  formula 

-'    /  '- 
'>'  —  L  \  ■>        ' ' :   )   ''•   i"  which    v  =  '21  feet  per  second,  the  velocity  of 

the  head  wave.  L—  104  900  feet,  the  total  length  of  the 
tli9  values  in  seconds  given  in  columns  5  and  6,  and  rand  rj  are  the  final  in- 
sid  -average  rise  and  the  rise  at  the  time  of  effective  slack  water,  respect- 
ively.   Column  8  gives  the  rise  in  the  An  Lac  Reservoir.   Column  9.  finally, 
is  the  average  ris  (produced  in  the  canal  and  reservoir  by  the  quantity  that 
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has  flowed  into  both,  spread  out  uniformly  over  their  whole  area  of 
22  188  000  square  feet,  minus  0.27,  the  fall  produced  by  abstracting 
6  000  000  cubic  feet  per  12  hours  for  lockage.  Each  figure  in  column  9 
added  to  the  corresponding  figure  in  column  2,  gives  the  succeeding  figure 
in  column  2,  and  so  on. 

It  will  be  seen  from  the  table,  that  the  level  of  the  water  in  the  canal 
never  falls  below  85.3,  leaving  a  good  margin  fur  possible  contingencies  ; 
also  that  one  reservoir  only  connected  with  the  Bay  of  Fundy  by  1  300  or 
1  490  square  feet  of  effective  sluice  area,  will  be  sufficient  to  bring  this 
about.  If  we  had  taken  the  reservoir  surface  at  each  tide  to  lie  only  as 
high  as  the  canal  surface  inside  the  gates,  the  average  water  level  would, 
nevertheless,  have  remained  higher  than  grade  85.  After  the  tide  of  86.4, 
the  rise  inside  constantly  increases  during  each  tide,  and  in  four  more 
tides  the  reservoir  and  canal  are  full  again. 

The  capabilities  of  an  exhaustless  reservoir  like  the  ocean,  are  easier 
under,  than  over  rated.  The  following  memoranda  will  serve  to  illus- 
trate this,  and  at  the  same  time  may  throw  some  light  on  the  act  of  judg- 
ing merely  of  the  action  of  a  canal  like  that  of  Baie  Verte. 

In  Minutes  of  the  Institution  of  Civil  Engineers*  a  case  is  given  of 
an  area  of  138  acres,  vhich  was  filled  to  the  same  or  very  nearly  the 
same  height  that  the  tide  rose  on  the  outside,  through  an  opening  only 
20  feet  wide.  This  gives  nearly  7  acres  to  be  filled  for  every  foot  in 
width.  The  rise  of  the  tide  was,  in  springs,  25  feet,  and  at  halt-tide 
there  was  as  much  as  7  feet  head  on  the  orifice.  In  Transactions 
of  this  Society  is  an  account  of  the  closiug  of  the  East  Harbor  Inlet, 
near  Provincetown,  Cape  Cod.f  The  flats  and  niarsh  to  be  covered  with 
water,  measured  about  900  acres.  The  original  width  of  the  inlet,  at 
high  water,  was  about  1 100  feet,  or  about  0.82  acres  for  each  foot  in 
width  in  a  natural  inlet,  which  was  dry  at  low  water,  and  where  the 
bottom  and  sides  were  pure  sand.  It  seems  to  me  that  sand  was  un- 
doubtedly swept  back  and  forth  with  each  tide  in  this  channel,  but  it 
could  not  have  been  to  a  great  extent,  or  else  the  channel  would  have 
enlarged,  or  rather  would  never  have  contracted  as  it  did  naturally,  to  the 
small  dimensions  which  it  had  before  being  closed  artificially.  The 
ing  that  was  left  before  the  final  and  practically  instantaneous 
closure  was  600  feet  wide,  or  1.5  acres  for  each  foot  in  width  oi  the 
opening.  The  rise  of  the  tides  in  Cape  Cod  Bay  fluctuate  from  aboui 
12  feet  in  high  springs  to  about   li   feet  in  low  neaps.      Mr.  Paul  Hill, 

*  Vol.  JX,  Paper  on  the  Gri  at  Grimsbj   Di 

Fames  B.  Francis,  ( '.  I  . 
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under  whose  p  srsonal  ch  Lrg  i  this  work  was  ex  seated,  says  :  "  My  recol 
Lections  are,  thai  th  ■  height  of  the  water  inside  was  about  the  same  as 
upon  tin'  outside,  as  the  opening  through  which  the  water  passed,  was 
about  600  feet  wide."  In  th  s  summ  n-  of  1  872,  the  writer  had  the  charge 
of  building  the  Green  Earbor  Dyke  (in  Massachusetts),  which  reclaims 
from  tlic  sea  about  1  400  acres  of  salt  marsh.  The  opening  left  for  the 
final  closure  was  only  65  feet  wide  in  the  clear.  The  tides  rise  as  in 
Cape  Cod  Bay,  and  during  springs,  rover  the  marshes  2  feet  deep  or 
more.  The  area  of  river  an  1  creeks  behind  the  dyke  was  about  200 
acres,  and  extended  some  3  miles  back.  A  spring  tide  has  come  in 
through  those  65  feet  in  width  of  opening  and  has  attained,  within  2 
or  ■".  inches,  as  high  a  level  over  the  1  600  acres  of  river  and  marsh 
(in  the  inside,  as  the  tide  rose  on  the  outside.  This  example  gives  about 
24.5  acres  tilled  for  every  foot  in  width  of  the  opening.  The  200  acres 
of  river,  or  3  acres  for  every  fool  in  width,  were  filled  very  easilj 
from  the  outside.  Calculation  also,  will  always  show  the  remarkable  effi- 
ciency of  tidal  outlet-  or  inlets,  as  c  lused  by  the  relentless  and  resistless 

acti i  the  tide  in  producing  heads  of  discharge  on  the  connecting 

orifices.      In   the  case  of  Long  inside  reservoirs,  this  action   is  assisted 
moreover,  by  the  remarkable  sp  ;ed  ot  either  th  i  negative  or  the  po 
wave  of    translation    that    is    produced    at    the   beginning  of  the  outflow 
or  inflow.! 


*  I  say,  2  or  3  inches,  b  tg  other  occupation  isure  it  that 

day,   but    remember  the  circumstances  and    did  measure  the  difference    of   le 
times. 

I  It  may  be  proper  to  refer,  in  this  connection  andii  VIr.  J   M.  Heppel's  Papei 

on  Tidal  Inflow,  in  Minutes  of  the  Institution  rs,  Vol.  Will    and  to  an 

on  tidal  drainage  bj  the  p  ,  in  the  Journal  of  the  Franklin  Institute,    August  and 

September,   L871    (also  in  the    "Zaitschrifl  fiir   Bauwesen,"    Berlin,   L871),  in  \vh 
gations,  however,  the  effect  of  waves  of  translation  has  not  been  taken  into  account. 


Errata. — On  page  426,  Vol.  Ill,  inclination  33,  for 
W  Q  gl,) 

(instead  of  correction,  page  184)  read,    -  Pe    ■    ^  Q,g 


DISCUSSIONS 

At    the    Seventh    Annual    Convention. 


ON   UPRIGHT   ARCHED   BRIDGES.* 

Mr.  S.  Whipple. — Capt.  Eads  explains!  tliat  by  the  word  "truss"'  in 
his  communication  to  which  I  referred,  J  he  meant  a  bridge  superstruc- 
ture complete,  and  not  a  single  system  of  struts,  ties  and  braces  (of  which 
eveiy  truss  bridge  contains  two  or  more),  serving  to  sustain  the  vertical 
action  alone  of  live  and  dead  load — as  I  had  always  used  and  understood 
the  term  to  signify — and  hence  my  estimate  for  a  single  truss  did  not 
furnish  a  fair  means  of  comparison.  Anticipating  the  possibility  of  a 
misunderstanding,  I  had  endeavored  to  meet  the  case  in  another  form, 
by  showing  the  relative  amount  of  action  upon  the  material  in  the  two 
plans  of  truss,  which,  other  conditions  being  the  same,  must  essen- 
tially determine  the  relative  quantities  of  material  required  in  their 
construction. 

He  asks  what  is  meant  by  the  phrase  "  '  amount  of  action '  the  simple 
arch  and  chord  alone  of  the  bow-string  truss  under  consideration  under- 
go."! The  phrase  is  one  I  have  used,  always  intending  to  give  at  the  time, 
a  key  to  the  sense  in  which  it  is  employed.  By  amount  of  action  upon 
material,  I  mean  the  greatest  longitudinal  stress  whether  of  tension  or  com- 
pression to  which  a  member  or  pari  of  a  truss  is  liable,  multiplied  by  the 
length  of  such  part  or  member  ;  and  it  must  be  obvious  that  this  product 
is  proportional  to  the  amount  of  material  required  in  the  member  at 
a  given  rate  of  strain,  except  a  certain  extra  allowance  for  lappings, 
screws,  nuts,  pins,  eyes,  &c,  necessary  in  forming  connections.  These, 
as  well  as  platform  and  tracks,  struts,  ties  and  braces — being  nearly  the 
same  in  all  plans — may  be  omitted  in  a  general  comparison.  The  sum  of 
these  products,  for  the  several  members  of  a  truss,  I  call  the  amount  of 
action  upon  the  material  of  the  truss ;  and  the  plan  that  gives  this  the 
least,  other  conditions  being  the  same,  may  be  regarded  as  the  most 
economical. 

*  Referring  to— XCVIII,  Upright  Arched  Bridges,  J.  B.  Eads,  Vol.  Ill,  page  195,  and  following. 
t  Pages  174-5.  i  Page  81.  §  Page  84. 
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The  amount  of  action,  as  here  defined,  was  found  for  the  complete  tra- 
pezoid truss  estimated  by  me,  to  be  147.7  W,*  (changing  the  M  back  to 
W,)  which  represents  a  force  equal  to  the  weight  of  the  gross  load  for  a 
panel,  64f  feet  long,  while  M  is  used  to  denote  the  amount  of  material 
in  that — the  adopted  unit  of  length — required  to  sustain  a  stress  equal  to 
the  weight  W,  at  a  given  strain  to  the  square  inch  of  cross-section. 

Now,  the  point  attempted  in  the  paragraph  referred  to,  containing  the 
expression — "  amount  of  act lot" — was,  that  inasmuch  as  the  upright  arch 
audits  chord  alone  in  the  arch  truss  must  undergo  an  amount  of  action 
within  ?jl  per  cent,  a1--  gnat  as  tin-  whole  material  in  the  complete  trape- 
zoidal truss,  while  a  very  large  amount  of  material  in  sub-arches,  web 
system  and  floor  suspenders  would  be  required  to  complete  the  arch 
truss,  it  must  follow  that  the  latter  would  be  much  heavier  than  the  tra- 
pezoid, provided  the  material  could  be  made  to  act  as  advantageously  iu 
the  trapezoidal  as  in  the  arch  truss  ;  a  point  which  I  proceed  to  discuss. 

As  to  the  material  in  tension,  there  can  be  but  little  advantage  on 
either  side.  For  the  compression  uprights,  the  least  average  cross-section, 
at  5  000  pounds  to  the  square  inch,  is  about  31  square  inches  for  a  truss 
carrying  a  gross  load  of  2  500  pounds  to  the  lineal  foot.  This  would  form 
a  tube  of  24  inches  diameter  at  the  middle  and  tapering  off  to  12  or  14 
inches  at  the  ends  abundantly  sufficient  for  the  purpose.  The  other 
chord  at  20  000  pounds  to  the  inch,  would  require  from  about  40  to  65 
square  inches  sectional  area  of  steel,  which  would  forma  tube  20  inches 
in  diameter  and  from  0.816  to  1.083  inches  in  thickness.  This  should  be 
feasible.  The  end  braces  would  have  10  square  inches  sectional  area.f 
This,  it  is  advisable  to  increase  by  20  per  cent.,  which  would  give  a  tube 
of  [20  inches  diameter  and  0.8  inches  thickness,  with  a  compression  of 
10  000  pounds  to  the  square  inch.  This  change  would,  moreover,  be 
equivalent  to  raising  the  amount  of  action  to  140 J  W.,  being  about  5^ 
jjer  cent,  more  than  that  upon  the  arch  and  chord. 

Now,  these  parts  can  be  secured  against  transverse  forces  and  tenden- 
cy struts  and  diagonals  once  in  12  diameters,  or  less,  as  easily  as  in 
the  case  of  the  arch.  Their  weight  would,  moreover,  probably  secure 
them  from  buckling  upward,  under  longitudinal  compression,  while  10  or 
12  per  cent,  of  this  weight  in  plain  iron  trussing  rods  and  struts,  would 
prevent  deflection  downward. 

*  Page  84. 

sections  are  for  2  500  pounds,  gross  load,  to  the  lineal  foot  of  truss.     Should  the 
j  load  be  2  800  pounds  per  foot,  as  Capt.  Eada  estimate  requires,  the  sections  would  be  12 
per  cent,  greater,  and,  therefore,  more  favor 
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Does  it  not,  therefore,  appear  obvious  that  with  nearly  the  same  quan- 
tities of  material,  except  as  to  the  increased  section  of  end  braces  above 
indicated,  and  perhaps  some  other  necessary  small  additions,  the  trape- 
zoid truss  will  withstand  us  great  an  amount  of  action  as  the  arch  and 
chord  of  the  arch  truss.  In  this  view  of  the  case — which,  however,  I  do 
not  regard  as  entirely  approximate — whatever  may  be  required  to  com- 
plete the  "upright  arch  "  upon  Capt.  Eads'  plan,  in  excess  of  5i  percent, 
of  the  material  in  the  same,  and  except,  perhaps,  some  allowance  for  the 
different  proportions  of  steel  in  the  two  trusses,  so  much  will  such 
arched  truss  weigh  more  than  the  trapezoid. 

This  appears  to  be  a  fair  general  and  theoretical  view  of  the  case. 
Practically,  from  my  own  experience,  I  concede  that  the  result  would 
probably  prove  more  favorable  to  the  arch  truss.  I  have  always  consid- 
ered and  often  stated,  that  although  the  arch  truss  is  subjected  to  a 
greater  amount  of  action  upon  its  material  than  the  trapezoid,  it  possesses 
advantages  in  other  respects  operating  as  an  offset  to  this  excess  of  action. 
Thus,  it  has  been  enabled  to  maintain  a  respectable  competition  with  par- 
allel chord  trusses.  Had  claim  for  it  only  extended  thus  far,  I  would  not 
have  contested  the  point.  But  when  the  conviction  was  announced — 
and  in  a  manner  which  challenged  controversy  upon  the  point — that  the 
arch  truss  even  with  a  full  chord  could,  with  only  two-thirds  of  the  ma- 
terial of  like  lands  required  for  the  parallel  chord  truss,  be  made  as 
strong  as  the  latter,  I  was  induced  to  take  an  humble  part  in  the 
discussion. 

Whether  the  modification  of  the  trapezoidal  truss  Avhich  I  have  been 
discussing  is  more  economical  or  not  than  those  in  more  common  use,  I 
here  express  no  opinion,  having  made  no  comparative  estimates  in  the 
jn'emises.  It  was  adopted  for  the  occasion,  simply  because  it  required  a 
less  number  of  long  thrust  members  in  the  web  and  a  greater  concentra- 
tion of  force  acting  upon  them,  which  were  regarded  as  favorable 
conditions. 


ON   DRAW   BRIDGES.* 

Mr.  Charles  Macdonald: — Mr.  Herschel's  paper  is  one  of  the  most 
valuable,  to  bridge  engineers  at  least,  of  any  that  has  been  contributed  to 
the  Society.  It  may  almost  be  said  to  exhaust  the  subject,  and  hereafter 
there  should  be  no  more  uncertainty  as  to  the  verification  of  strains  in 

*  Referring  to— XGII,  Draw-Spans  and  their  Turn-Tables,  C.  S.  Smith,  Vol.  Ill,  page  129; 
CV,  Principles  of  Construction  of  Revolving  Draw-Bridges,  C.  Herschel,  Vol.  Ill,  pa^ 
and  XCVII,  Utica  Lift  Draw-Bridge,  s.  Whipple,  Vol.  Ill,  page  190. 
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draw-bridges  than  there  is  at  present  in  the  case  of  fixed  spans.  In  order 
to  simplify  the  investigation,  he  has  found  it  necessary  to  assume  that  the 
moment  of  inertia  is  constant,  and  that  a  varying  weight  between  the 
centre  and  ends  of  the  trusses  does  not  affect  the  values  of  the  reactions. 
For  all  practical  purposes  this  may  be  admitted,  as  the  results  are  not 
materially  modified  by  a  more  rigid  investigation.  In  the  case  of  a  306 
feet  double  track  draw-bridge,  35  feet  high  at  the  centre  and  22  feet  at 
the  ends,  I  find  the  centre  chord  strain  l>y  Mr.  Herschel's  formula,  to  be 
493  000  pounds,  whereas  by  taking  account  of  the  effect  of  varying 
height,  this  strain  becomes  525  700  pounds,  a  difference  of  only  about 
C>',  per  cent. 

Mr.  Clemens  Hekschee: — Referring  to  Mr.  Whipple's  paper,  which 
with  Mr.  Smith's  and  my  own.  was  set  down  for  discussion  under  this 
head.  T  have  to  say  that  I  regard  the  lift  draw-bridge  as  a  useful  appli- 
ance, and  should  not  he  surprised  to  see  it  used  to  great  advantage  in 
many  places.  Some  years  ago  a  plan  for  a  draw  of  that  kind,  of  about 
300  feet  span,  was  described  in  a  German  pamphlet  by  a  Hamburg  En- 
gineer— Mr.  Oscar  Roeper — who  proposed  the  bridge  for  a  wide  river, 
the  draw  to  be  lifted  so  as  to  let  large  vessels  pass  underneath.  I  men- 
tion this,  as  showing  that  the  subject  has  attracted  attention  in  different 
places  at  the  same  time. 

Concerning  Mr.  Smith's  paper,  I  may  remark,  that  the  rule  therein 
laid  down  for  the  size  of  centre  pivots  gives  very  large  results.  Thus,  for 
only  an  ordinary  draw  bridge,  a  pivot  2  and  even  3  feet  in  diameter  is- 
required  by  the  formula.  I  think  that  this  subject,  the  proportioning 
of  centre  pivots  for  draw-bridges,  is  worthy  of  further  investigation  by 
members  of  the  Society. 

Referring  to  the  matter  of  variable  moments  of  inertia  in  the  girder, 
mentioned  by  Mr.  Maedonald,  those  interested  will  find  that  subject- 
touched  upon,  in  one  of  the  chapters  of  my  paper.  Perhaps  the  only 
reason  I  did  not  go  further  into  it,  was  that  the  time  in  which  the  paper 
was  written — about  a  month — was  too  limited. 

I  may  say  that  I  am  much  gratified  with  the  reception  the  paper  has 
received  from  members  of  the  Society,  and  that  this  has  amply  repaid 
me  for  the  trouble  and  time  spent  upon  it. 

Mb.  Clakk  Fisher  : — I  would  remark  that  Mr.  F.  C.  Lowthorp,  who 
has  for  a  number  of  years  made  a  specialty  of  the  construction  of  pivot 
bridges,  puts  7  000  pounds  per  square  inch  on  the  pivots,  and  so  far  as  I 
know,  with  success. 
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ON    FOUNDATIONS.*' 

Mr.  Francis  Collingwood  : — I  much  regret  that  the  gentlemen 
(Messrs.  TV.  J.  Me  Alpine,  W.  S.  Smith  and  O.  Channte)  requested  to 
take  part  in  the  discussion  of  this  topic,  are  not  present.  From  their 
large  experience,  I  had  hoped  to  hear  something  of  greater  value  to 
the  profession,  from  them,  than  I  can  give. 

The  foundations  of  the  East  River  bridge  (heretofore  described  in 
papers  read  before  the  Society),  which  are  all  placed  on  timber,  are  stand- 
ing admirably.  The  settlement  of  the  Brooklyn  pier  from  the  time  it 
reached  high  water,  is  very  nearly  one  inch  and  quite  uniform,  and  that 
of  the  New  York  pier,  now  nearly  200  feet  above  tide,  is  only  about  £ 
inch.  There  are  15  feet  of  timber  in  the  foundation  of  the  Brooklyn 
pier,  and  22  feet  in  that  of  the  New  York  pier.  The  pressure  over  the  top 
surface  of  the  timber  is  about  8  tons,  and  of  the  bed  at  the  bottom  of 
the  foundations  about  4  tons,  per  square  foot. 

The  Brooklyn  anchorage  rests  upon  timber  4  feet  deep,  well  bolted, 
grouted  and  the  spaces  filled  with  concrete  ;  there  is  not  a  crack  in  the 
masonry  anywhere  to  be  seen.  The  New  York  anchorage  will  rest  upon 
timber  of  the  same  depth  at  the  rear,  and  6  or  7  feet  in  front;  here 
the  old  shore  line  passes  under  the  front  of  the  masonry  ;  it  is  pro- 
loosed  to  remove  the  mud  entirely  to  clean  sand,  and  then  begin  the 
timber  platform  at  about  7  feet  below  tide,  carrying  it  back  by  steps  as 
the  clean  bottom  rises  at  the  rear;  being  as  stated  4  feet  thick  for  about 
€0  feet,  then  a  step  down  of  2  feet,  making  6  feet  depth  for  about  40  feet 
more,  then  down  to  7  feet.  The  spaces  between  timbers  will  vary  from 
2  to  6  inches.  A  heavy  sheeting  of  timber  will  be  driven  well  down 
into  the  bottom  across  the  whole  front. 

It  should  be  stated  that  the  old  shore  line  was  about  600  feet  in  rear 
of  the  present  line,  and  that  the  intermediate  space  was  covered  with 
buildings. 


THE    ERECTION    OF    STRUCTURES.! 

Mr.  Charles  H.  Fisher  : — The  renewal  of  structures  upon  railroads 
is  frequently  attended  with  considerable  inconvenience  and  expense,  from 
the  fact  that  the  work  must  be  done  without  interference  with  the  traffic 

Referrmsr  to— LXXXIV,  Replacing  a  Stone  Pier  on  a  Pile  Foundation,  J.  A.  Monroe,  Vol. 
Ill,  page  58;  and  XCIH,  Foundations  for  Brooklyn  Anchorage,  East  River  Bridge,  F.  Colling- 
"wood,  Vol.  Ill,  page  142. 

t  Referring  to— XCIX,    Notes    on  the  Erection  of   the  Illinois  &   St.   Louis  Bridge,  T. 
■Cooper,     Vol.  Ill,  page  239. 
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of  the  road.  When  such  renewals  are  made  with  iron,  I  have  found  it 
expedient  in  several  cases  to  erect  the  new  bridge  by  the  side  of  the  old 
one,  then  to  tear  down  the  latter  and  move  the  new  structure  sidewise 
into  position,  "between  trains'"  or  on  a  Sunday.  A  double-track  bridge 
of  110  feet  span  and  weighing  about  66  tons,  was  put  in  place  in  this 
manner  in  about  6  hours — the  distance  it  was  moved  being  not  far  from 
30  feet — subsequently  this  bridge  was  widened  for  two  more  tracks,  mak- 
ing it  a  four-track  bridge,  with  5  trusses  weighing  133  tons.  The  ar- 
rangement of  the  tracks  made  it  necessary  to  move  the  entire  bridge 
laterally  15  feet.  The  ends  of  the  trusses  were  raised  sufficiently  to  per- 
mit rails  to  be  placed  under  them,  upon  the  bridge  seats.  These  rails 
Avere  well  oiled,  and  then  by  the  aid  of  tackles  at  both  ends,  the  bridge 
was  moved  the  required  distance,  in  about  two  hours. 

From  my  experience  here,  and  in  similar  cases,  I  believe  this  method 
of   procedure  can  often  be  adopted,  with  economy  and  despatch. 

Mr.  Theodore  (I.  Ellis: — In  the  case  of  the  renewal  of  abridge, 
which  came  under  my  observation,  the  plan  adopted  was  somewhat  differ- 
ent from  that  described  by  Mr.  Fisher.  It  was  of  a  bridge  over  the  Con- 
necticut river,  nearly  a  mile  long,  and  consisting  of  17  spans.  An  old 
wooden  bridge  was  replaced  by  an  iron  truss  ;  the  piers  were  built  up  in- 
side the  old  bridge,  and  the  iron  truss  placed  as  nearly  up  to  the  floor 
timbers  as  was  possible,  between  the  two  sides  of  the  trusses,  so  that  the 
rods  of  the  wooden  truss  passed  through  the  iron  work.  12  spans  of 
about  88$  feet  each  and  one  of  177  feet,  were  completed  in  this 
way  ;  then  between  midnight  of  Saturday  and  the  following  Sunday  af- 
ternoon, tin'  iron  spans  were  raised  up  into  place  by  hydraulic  jacks,  the 
timbers  of  tin  wooden  bridge  being  cut  through  for  the  purpose.  Thus. 
during  the  whole  time  of  the  construction  of  the  newT  bridge  (nearly  a 
yean  there  was  not  a  train — of  some  20  or  30  which  daily  passed  over  the 
line — delayed  in  the  least. 

One  of  the  shorter  spans  which  was  over  a  roadway,  was  run  out  upon 
a  ear  and  placed  in  position,  the  wooden  bridge  taken  off  and  the  iron 
one  put  on,  bodily. 

Mi;.  J.  Dutton  Steele  : — Abridge  was  recently  built  on  the  Lima  & 
Oroya  E.  R,  in  Peru,  called — I  think — the  "  Agua  de  Verrugas  Via- 
duct." It  was  constructed  in  Baltimore,  and  consists  of  4  Fink  trusses, 
each  115  feet  long,  resting  upon  iron  piers,  the  extreme  height  of  which 
is  -r>-2  feet. 
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The  proposed  mode  of  erecting  this  structure  was  to  put  the  trusses 
together  on  the  ground,  and  to  elevate  them  by  pulleys  at  an  angle  of  in- 
clination of  about  30c  to  a  height  above  the  tops  of  the  piers,  then  by 
capstans  to  draw  the  trusses  into  a  horizontal  position  and  lower  them 
to  their  places.  I  understand  that  the  bridge  was  completed  and  is  a 
success,  but  I  have  not  heard  how  the  proposed  mode  of  erection 
answered. 

Me.  J.  Foster  Flagg  : — The  bridge  was  erected  by  first  making  a 
simple  rude  truss,  which  was  suspended  by  pulley  blocks  over  the  opening, 
and  then  lowered  on  to  the  piers  ;  on  this  a  platform  was  laid,  reaching 
from  one  pier  to  the  other.  In  the  construction,  cables  were  suspended 
between  the  piers,  on  which  cars  were  run  from  side  to  side,  to  transport 
the  parts  of  the  superstructure  to  their  position. 

Mr.  Francis  Collingwood  : — I  intended  to  prepare  a  paper  upon  this 
subject,  giving  the  result  of  experience  in  erecting  piers  on  the  East 
River  bridge,  but  have  been  prevented  from  so  doing  by  a  press  of  other 
duties.* 

The  finished  height  of  the  piers  is  2711  feet  above  tide,  and  the  ques- 
tion is  often  asked — how  has  the  material  been  raised  and  placed  in 
position  ?  It  has  been  done  by  using  what  may  be  called  continuous 
vertical  columns,  made  up  of  a  series  of  centre  pieces  of  square  timber, 
about  4  feet  long,  on  each  side  of  which  3  or  I  layers  of  planks  of  c<  m- 
venient  lengths  were  fastened,  care  being  taken  to  break  joints  thorough- 
ly. Each  piece  of  plank  was  spiked  as  it  was  put  on,  by  heavy  wrought 
spikes,  and  screw  bolts  about  2  feet  apart,  bound  the  whole  together. 
There  are  8  of  these  columns  to  support  the  elevated  track  which  serves 
for  running  material  from  the  main  hoists  to  the  setting  derricks,  and  4 
heavier  ones  each  supporting  a  frame  which  carries  a  heavy  wood-lined 
sheave  4  feet  in  diameter,  over  which  passes  one  of  the  1 J -inch  wire 
ropes  for  lifting  the  materials.  The  columns  arc  strutted  and  braced 
from  the  pier,  and  anchored  to  it  by  irons  set  into  the  masonry  about 
every  20  feet. 

The  hoisting  ropes  are  so  arranged  that  when  the  hook  of  one  is  at  the 
top  of  the  pier,  that  of  the  other  is  at  the  base.  The  two  are  connected 
by  a  ^-inch  wire  rope  or  "backing"  line,  which  passes  vertically  down  ami 
under  pulleys  at  the  base  of  the  tower,  so  that  as  one  hook  is  hoisted,  the 
other  is  lowered.     After  hoisting  a  stone  above  the  elevated  track,  tins 


Drawings  prepared  for  that  purpose  were  exhibited,  for  the  information  of  m 
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line  lias  to  be  pulled  to  oue  side  through  a  notch  in  the  track,  to  allow 
the  car  to  be  run  under  it.  From  the  large  sheaves,  the  hoisting  ropes  pass 
down  to  2  heavy  drums,  run  by  steam  power.  These  are  geared  together, 
so  that  as  one  winds  up  its  rope,  the  other  unwinds;  hoisting  taking 
place  only  at  one  hook  at  a  time.  AVhenever  by  increased  height  of  pier, 
more  rope  is  required,  the  drums  are  uncoupled  and  slack  enough  un- 
rove  from  the  drums,  to  allow  the  sheaves  to  be  raised  ;  the  backing  line 
is  then  also  lengthened. 

The  stone  is  hoisted  from  the  elevated  cars  and  set  by  what  are  caUed 
■  balance  derricks;"  on  the  Brooklyn  side,  these  were  each  run  by  a  pair 
of  small  steam  engines,  the  steam  being  carried  up  the  pier  in  iron  pipes 
and  thence  to  the  engines  in  rubber  hose.  The  weight  or  counterpoise  of 
these  derricks  is  sufficient  to  balance  about  6  tons  without  upsetting. 
When  the  stone  is  so  heavy  as  fco  be  dangerous,  the  balance  arm  of  the 
derrick  is  tied  down  to  a  "  lewis"'  in  a  stone  already  set.  until  the  stone 
is  run  in  far  enough  to  be  swung  around  with  safety.  The  contrivance 
fordoing  this,  the  workmen  call  a  ••Tom  Collins."  The  centre  part  of 
the  pier  was  mostly  sei  by  the  use  of  a  traveling  crane,  similarly  called 
a  "Dolly  Yard. 

As  a  precaution  against  upsetting,  the  masts  of  the  derricks  were  pro- 
longed downward  about  10  feet  below  the  bed-]>late  and  turn-table,  mak- 
ing a  "  safety  tail;"  the  hole  left  in  the  masonry  to  accommodate  it  being 
filled  as  the  derrick  is  raised,  so  as  to  leave  the  pier  solid.* 

The  heaviest  weights  raised  to  the  top  of  the  pier  were  about  13  tons; 
the  time  occupied  in  hoisting  these  was  about  7  minutes,  while  ordinary 
loads  are  lifted  in  about  half  this  time.f 


ON    BRIDGE   ACCIDENTS.;;: 

Mb..  Theodobe  G.  Eleis. — The  Committee  to  report  on  the  "Means 
of  Averting  Bridge  Accidents,"  was  appointed  two  years  ago  ;  owing  to 
the  wide  separation  of  its  members,  there  never  has  been  a  full  meeting 
for  conference — at  the  two  or  three  meetings  which  I  attended  in  New 
York,  I  think  the  greatest  number  present  was  five. 


*  Details  of  the  derricks,  &c,  are  fully  given  in  the  drawings  which  were  exhibited. 

t  I  may  say  that  it  does  not  answer  to  leave  anything  to  chance  in  the  erection  of  derricks 
or  temporary  works  of  this  character;  freedom  from  accident  can  only  be  had  by  careful 
attention  to  the  minutest  detail,  and  every  part  should  be  of  ample  strength  to  withstand  the 
strain  put  upon  it. 

t  Befcrring  to — CIX;  Beports  on  the  Means  of  Averting  Bridge  Accidents,  J.  B.  Eads, 
Chairman  of  Committee;  page  122. 
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In  the  beginning  of  the  committee  work,  at  the  request  of  the  Chair- 
man, some  of  us — in  reply  to  certain  questions  which  were  framed  at  one 
of  the  early  meetings — presented  our  views  in  writing'.  At  the  last  Annual 
Meeting  a  report,  (substantially  Report  I  as  published)  by  the  Chairman 
and  another  member  was  offered,  which  others  of  the  committee  present 
declined  signing  ;  afterwards,  they  presented  Reports  II,  III  and  IV. 

The  members  were  nearly  unanimous  in  their  views  of  what  the  load 
on  a  bridge  should  be;  the  difference  of  opinion  seems  to  be  upon  minor 
points.  Certain  members  believe  that  legal  action  should  be  taken  and 
laws  formed  ;  others;  among  whom  I  am  one,  do  not  favor  this. 

As  to  what  a  maximum  load  should  be,  there  seems  but  little  doubt  in 
the  minds  of  the  committee-men  :  namely,  that  it  should  be  2  locomo- 
tives, nearly  or  quite  of  maximum  weight,  with  a  train  of  cars  weighing 
one  ton  to  the  running  foot.*  There  is  however,  a  difference  of  opinion 
as  to  how  that  load  should  be  estimated  per  foot  for  short  spans  or 
bridges.  I  took  the  actual  weight  on  the  drivers  of  the  heaviest  locomo- 
tives of  a  dozen  of  the  main  roads  of  the  country,  and  thus  found  the 
maximum  weight  in  about  12  feet,  to  be  nearly  84  000  pounds.  In  de- 
ducing how  much  per  foot  for  12  feet  and  under,  I  divided  by  that  num- 
ber, whence  7  000  pounds  to  the  running  foot  was  taken  ;  other  mem- 
bers of  the  committee  took  6  000, f  and  others  5  250J  pounds.  I  presume 
by  dividing  the  actual  weights  upon  the  drivers  by  the  length  of  wheel- 
base,  the  number  of  pounds  per  foot  for  the  distance  was  obtained. 

In  stating  the  load  to  be  borne  by  a  bridge  of  any  certain  length,  it 
seems  to  me  we  should  say  "  for  such  a  span  and  under,"  and  take  the 
exact  weight  borne  without  regard  to  the  portion  resting  upon  the  abut- 
ments. The  weight  upon  any  bridge — of  12  feet  span  or  otherwise — is 
transmitted  through  all  the  parts  of  the  bridge.  In  the  table  ||  I  have 
taken  the  actual  weight  computed  for  train  as  mentioned,  and  divided  it 
by  the  number  of  feet  in  length,  which  gives  results  a  little  greater  for 
the  short  spans  than  it  is  in  the  other  tables;  for  spans  of  20  feet  and 
over  they  are  somewhat  less. 

Another  point  of  difference  in  the  reports  is  in  regard  to  the  loads  to 
be  borne  by  highway  bridges.  Those  given  in  the  Chairman's  report,** 
I  think,  are  too  low;  for  first-class  city  bridges  or  bridges  around  towns, 
they  are  but  one-half  what  I  have  given. ft  I  have  known  10  tons  in  one 
mass  to  be  drawn  over  such  a  bridge,  and  I  put  25  tons  as  a  general  rule. 

*  Page  129.         f  Page  124.        %  Page  132.  II  Page  134.        **  Page  124.  ft  Page  135. 
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Greater  weights  are  considered  risky;  they  can  be  easily  divided  or  taken 
in  other  ways  ;  but  ordinary  weights,  as  of  a  locomotive,  of  heavy  cast- 
ings, &c. ,  frequently  go  up  to  20  and  25  tons,  and  I  think  we  should  not 
take  anything  less  than  that  for  first-class  highway  bridges. 

In  regard  to  load  per  square  foot  for  highway  bridges,  I  think  that 
the  limit  in  one  of  the  tables-  is  too  small  for  long  bridges.  As  an  in- 
stance, the  Hammersmith  suspension  bridge  over  the  Thames,  may  be 
named  ;  proportioned  for  the  small  load  of  31  pounds  to  the  square  foot, 
one  time  1  saw  it  packed  from  end  to  end,  so  that  the  authorities  at- 
tempted to  remove  the  people,  for  fear  of  accident.  This  shows  how  dif- 
ficult it  is  to  estimate  the  maximum  weight  which  a  structure  may  be 
required  to  sustain.  In  my  opinion,  no  bridge  should  be  constructed  for 
less  than  50  pounds  to  the  square  loot. 

I  think  that  whatever  standard  we  adopt  should  be  proportional  to 
the  length  of  the  bridge  used,  net  to  say  bridges  for  10!)  feet  and  under 
so  much,  and  for  200  feel  and  under,  so  much.  We  might  fix  standards 
at  100  feel  and  200  foot,  and  for  intermediate  spans  have  them  propor- 
tional to  these  Lengths  ;  this  would  be  a  much  clearer  way  of  stating  it. 

There  are  points  not  named  by  me  in  Report  IV,  about  which  I  differ  in 
opinion  with  other  members  of  the  committee;  among  these,  is  the  fixing 

for  the  standard  of  strain  upon   material,  s any  pounds  or  tons  per 

square  inch  of  section  ;  if  ."i  tons  in  tension  and  1  in  compression  are 
taken  as  a  limit,  it  seems  to  me  it  will  encourage  the  use  of  poor  ma- 
terials. One  object  in  view,  is  to  cause  bridges  to  be  strongly  and  sub- 
stantially built.  Those  who  would  prevent  this,  are  men  who  build 
cheaply,  and  by  fixing  a  definite  standard  per  square  inch,  they  will  be 
aided  in  using  the  poorest  and  cheapest  materials.  Instead,  the  standard 
should  he  a  certain  proportion  of  the  ultimate  strength  of  the  iron  used. 

There  were  other  points  stated  in  my  written  communication  to  the 
Committee  in  regard  to  the  materials  to  lie  used,  and  the  general  faults 
in  bridges,  etc.,  which,  perhaps,  it  is  not  necessary  to  note  here.  Some 
prominent  faults  in  bridges  have  come  under  my  notice  ;  one  of  the 
worst,  is  a  combination  of  wrought  and  cast  iron  in  compression  mem- 
bers, which  is  not  uncommon  in  this  country.  Cast  iron  is  a  very  differ- 
ent material  from  wrought  iron,  being  more  compressive  under  a  load. 
In  a  beam  composed  of  wrought  and  cast  iron,  the  wrought  iron  will  take 
almost  the  whole  strain;    cast  iron  will  be  compressed  as   much  by  a 

*  Page  123. 
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load,  of  5  tons  to  the  square  inch  as  wrought  iron  will  be  at  the 
breaking  point,  whence,  where  the  two  are  used  together,  the  wrought 
iron  may  take  the  whole  strain  and  be  ruptured  before  the  cast  iron  bears 
its  share  of  the  load. 

Mb.  Alfred  P.  Boller. — I  would  enquire  where  the  gentleman  ob- 
tained the  data  he  refers  to,  in  fixing  the  maximum  load  at  84  000  pounds 
on  12  feet  wheel  base. 

Mr.  Theodore  G.  Ellis. — Locomotives  on  the  Baltimore  &  Ohio 
B.  B.  weigh  84  000  pounds  on  a  wheel  base  of  12+  feet ;  the  Fairlee 
double  tender  engine  weighs  7  560  pounds  per  foot,  which  is  in  ex- 
cess of  what  I  have  put  in  my  table  ;  locomotives  on  the  Chicago,  Bur- 
lington &  Quiney  B.  B.  weigh  72  000  pounds  on  a  wheel  base  of  101  feet, 
and  on  the  Beading  B.  B.,  41  440  pounds  on  a  wheel  base  of  V>\  feet.  On 
the  Boston  &  Albany  B.  B. ,  4  locomotives,  and  on  the  New  Haven  & 
Springfield  B.  B.  3  locomotives  are  frequently  coupled  together  in  trains, 
in  time  of  snow.  On  the  latter,  very  heavy  weights  have  been  carried 
upon  cars,  sometimes  on  ordinary  freight  cars  ;  in  extreme  cases  amount- 
ing to  5  600  pounds  to  the  foot.  The  heaviest  load  that  can  be  carried 
over  a  road,  in  my  opinion,  and  of  which  I  have  taken  no  account  what- 
ever, is  a  locomotive  of  different  gauge  mounted  on  a  truck  car.  As  these 
extraordinary  loads  are  not  a  necessary  or  usual  part  of  the  traffic  of  rail- 
roads generally,  I  have  not  considered  them  in  my  tables,  neither  have  I 
aUowed  for  any  increase  in  the  loading,  although  during  the  last  ten 
years  such  has  been  greatly  added  to. 

It  seems  to  me  not  good  policy  to  under-estimate  the  weight,  and  then 
allow  an  excessive  factor  of  safety.  It  is  better  to  look  at  the  facts,  see 
what  the  loads  are,  and  then  take  the  factor  of  safety  accordingly. 

Mr.  J.  Dutton  Steele. — I  do  not  propose  to  discuss  in  detail,  the  re- 
ports of  the  committee,  referring  to  the  strength  of  railway  structures. 
I  have  observed  that  when  we  reach  a  good  standard,  either  in  mechani- 
cal arrangement  or  for  the  strength  of  parts,  the  enterprise  of  ' '  Young 
America  "  continually  tends  to  lead  us  away  from  it,  by  imaginary  im- 
provements ;  then  the  direction  of  invention  changes  and  brings  us  back 
to  the  starting-point,  and  so  it  seems  to  me,  that  in  this  investigation, 
we  are  being  drawn  away  from  an  all-sufficient  and  well-established 
standard  for  the  strength  of  bridges. 

That  standard  is — that  with  a  rolling  load  of  one  ton  per  linear  foot. 
the  iron  shall  not  be  strained  more  than   10  000  pounds  per  square  inch: 
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it  shall  have  a  breaking  strength  of  not  less  than  50  000  pounds  and  an 
clastic  strength  of  not  less  than  24  000  pounds,  per  square  inch.  Such 
are  the  provisions  in  the  contracts  for  the  erection  of  most  of  our  rail- 
way bridges.  We  must  admit  that  structures  so  built  are  absolutely  safe 
from  accident,  as  the  standard  load  is  larger  than  they  are  often  called 
upon  to  hear;  four  times  that  load  maybe  placed  upon  them  with- 
out producing  fracture,  and  yet  our  bridges  will  occasionally  break 
down.  Those  who  contract  for  the  erection  of  bridges  know  as  well, 
and  some  of  them  better,  than  the  engineers  for  whom  they  work,  how 
to  calculate  strains,  and  it  is  for  these  contractors  to  account  for  the 
fact  that  the  strains  are,  in  most  cases,  much  greater  than  the  standard. 

I  have  understood,  from  some  source,  that  many  of  the  bridges  on 
the  New  England  railroads  are.  with  the  ordinary  traffic  of  the  day. 
strained  up  to  '20  000  pounds  per  square  inch  of  iron,  and  it'  accidents 
occur,  they  are  to  be  ascribed  to  such  overloading,  or,  in  other  words,  to 
the  fact  that  such  structures  having  only  half  the  standard  strength  for 
railway  purposes. 

I  submit — will  it  not  be  more  profitable  for  us  to  turn  our  attention  to 
bringing  our  structures  back  to  this  standard,  rather  than  to  get  away 
from  it.  We  should  be  careful  how  we  introduce  new  elements  into  a 
3ystem  of  construction  which  only  needs  intelligence  and  vigilance  on 
the  part  of  the  engineer  in  charge,  to  make  it  entirely  safe  and  free  from 
the  disasters  we  are  but  too  often  called  upon  to  notici  . 

Mr..  WmiiiAM  Metcat/f. — During  the  war.  pieces  of  ordnance  were 
frequently  sent  from  Pittsburgh,  which  weighed  50  000  pounds  and  in 
some  instances  L15  000  pounds,  in  one  solid  lump,  and  on  their  way  to 
Philadelphia.  Boston  or  New  York  it  was  often  necessary  to  detain  them 
long  enough  for  railroad  bridges  to  be  strengthened,  before  it  was  con- 
sidered safe  for  the  guns  to  pass  over. 

In  regard  to  what  has  been  stated  about  bridges  around  cities,  I 
would  say,  the  bridges  here  are  too  light  for  the  heavy  weights  taken 
over,  in  the  shape  of  anvil-blocks  and  the  like.  In  one  instance  re- 
cently, it  was  necessary  to  insure  the  bridges  before  we  were  allowed  to 
take  certain  loads  over  them.  The  side  truss  tension-bolts  of  one  of 
these — the  bridge  at  the  foot  of  Smithfield  street — frequently  break, 
sh<  >wing  that  the  standards  given  for  bridges  do  not  answer  for  structures 
put  near  large  towns,  which  may  be  required  to  transport  heavy  weights. 

Mr.  J.  Herbert  Shedd. — As  an  instance  of  the  heavy  loads  that 
it  is   sometimes  desirable  to  carry  over  railroad  bridges,  and   of  their 
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inadequate  strength,  I  would  say  that  managers  of  the  various  railroads- 
leading  from  the  Hudson  river  to  the  city  of  Providence  were  unwilling 
to  take,  in  a  single  piece,  the  heavy  beam  of  the  water  works'  pumping 
engine,  weighing  about  115  000  pounds — the  weight  of  the  heaviest  piece 
of  ordnance  mentioned.  The  beam  had,  therefore,  to  be  taken  in  two 
parts  (for  which  provision  had  been  made,  in  anticipation  of  such  a 
contingency),  and  transported  separately. 

Mb.  Clemens  Hekschel. — When  reading  these  reports,  I  was  struck 
with  the  fact  that  only  one  of  them  says  anything  about  testing  the  fin- 
ished bridge.  This  is  a  necessity,  if  we  wish  to  have  absolute  certainty 
in  the  strength  of  bridges.  Such  tests  have  been  the  rule  in  older 
countries,  and  are  there  prescribed  by  law.  The  same  condition  of 
things  shoidd  exist  in  every  State  of  the  Union.  Coke  has  written  : 
"  One  man  says,  lo!  here,  and  another  says,  lo!  there,  but  the  verity  is 
the  record."  Now,  the  record  of  an  actual  test  of  a  bridge  will  show 
conclusively  how  that  bridge  acts  under  a  certain  load  or  loads.  The 
same  applies  to  testing  the  materials  of  which  a  bridge  is  to  be  built. 
"Whatever  is  to  be  iised  in  the  construction  of  the  bridge  should  be  sub- 
jected to  tests,  and  in  my  experience  I  have  found  that  this  generally 
led  to  the  furnishing  of  good  materials. 

Mk.  Thojl\s  C.  Claeke  : — From  the  Committee  on  the  ' '  Means  of 
averting  Bridge  Accidents  "  we  have  no  less  than  four  reports.  This 
committtee  was  appointed  two  years  ago  by  the  Convention  at  Louisville, 
at  the  request  of  some  members  of  the  Society,  who  represented  the 
railroads  in  the  South,  said  they  wished  very  much  for  protection,  and 
asked  the  Society  to  lay  clown  a  minimum  standard,  below  which  it 
would  not  be  allowable  to  go  ;  from  the  desire  to  get  cheap  bridges,  they 
were  afraid  that  the  tendency  was  to  build  bridges  not  strong  enough. 
Unfortunately,  the  members  of  the  committee  are  very  far  separated,  so 
that  it  was  not  possible  for  them  to  meet  and  agree  on  one  report ;  the 
consequence  is,  that  there  are  four  reports. 

I  think  it  would  have  been  possible,  if  the  members  coidd  have  met 
together,  to  have  agreed  upon  a  definite  standard,  but,  as  it  is,  you 
see  we  have  differed.  Some  of  us  recommend  one  thing,  and  some 
another.  When  you  come  to  the  next  point  as  to  what  course  should  be 
pursued — supposing  that  a  standard  was  agreed  upon — the  more  import- 
ant question  as  to  what  action  should  be  taken  by  the  Society  to  carry 
this  into  effect,  we  differ  very  widely  indeed.  Messrs.  Eads  (the  Chair- 
man) and  Smith  proposed  that  the  Governor  of  each  State  should  appoint 
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■experts  (who  had  first  passed  an  examination  by  this  Society),  whose  busi- 
ness it  should  be  to  test  all  bridges,  to  examine  the  strain  sheets,  and 
afterwards  to  compare  them  with  the  structure  as  erected.  Pres't 
Adams  and  myself  thought  that  these  appointments  would  probably 
become  mere  political  affairs,  and  that  no  matter  whether  the  Society  re- 
jected the  nominees,  or  not,  they  still  would  be  appointed,  and  the  result 
be,  that  a  great  power  would  be  placed  in  the  hands  of  improper  per- 
sons.    The  course  we  recommended  was  :     (Report  II.) 

"That  no  bridge  shall  be  open  for  public  traffic  until  apian,  giving 
the  maximum  loads  it  was  designed  to  carry,  the  resulting  strains,  and  the 
dimensions  of  all  the  parts,  sworn  to  by  the  designers  and  makers,  and 
attested  by  the  signature  of  the  proper  officer  representing  the  munici- 
pality or  corporation  by  whom  it  is  owned,  be  deposited  in  the  archives 
of  the  Society,  and  that  the  principal  pieces  of  iron  in  the  bridge  be 
stamped  with  name  of  maker,  place  of  manufacture  and  date."* 

The  object  of  that  was,  simply,  in  case  of  the  failure  of  a  bridge,  to 
give  publicity  to  the  causes  of  that  failure,  which  was. "as  far  as  we 
thought  possible,  all  that  could  he  done  at  present.  The  other  members 
of  the  committee,  Messrs.  Boiler,  Macdonald  and  Ellis,  considered  that 
nothing  should  he  done. 

It.  seems  in  me,  if  members  of  the  committee  are  unable  to  agree 
upon  anything,  it  would  he  asking  and  expecting  too  much,  that  the 
Society  cdine  to  a  definite  conclusion,  and  this  leads  me  to  suggest  that 
fur  the  present,  at  least,  nothing  be  done. 

Mr.  Theodore  Cooper. — It  is  impossible  to  foresee  what  our  necessi- 
fcies  may  he  in  the  future.  There  is  no  mention  in  the  reports — nor  thus 
far  in  this  discussion — of  the  requirements  of  narrow-gauge  railroads  ;  is 
it  intended  to  recommend  the  same  standard  for  a  narrow-gauge  as  for  a 
wide-gauge  ? 

Mb.  Theodore  G.  Ellis. — I  thought  an  expression  of  opinion  by 
this  Society  of  what  should  be  the  maximum  load  of  railroad  bridges  (to 
be  followed  out  or  not,  just  as  every  engineer  pleased)  would  have  a  cer- 
tain weight ;  it  would  be  of  profit  for  every  engineer  to  know  what  other 
iieers  considered  the  rolling  load  for  bridges  shoidd  be.  I  do  not 
recommend  any  enactment,  for  the  reason  that  has  been  suggested  ;  if 
an  engineer  desires  to  build  his  bridge  of  very  excellent  material,  there 
should  be  no  ordinary  rule  to  prevent  his  doing  it ;  consequently,  I  think 
the  standard  should  not  be    "so  much  per  square  inch."     My  report 

*  Page  130. 
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referred  to  tracks  of  4  feet  8  J -inch  gauge,  and  I  recommend  that  we 
■come  to  some  conclusion  or  express  an  opinion,  what  the  load  ought 
to  consist  of,  and  then  leave  to  every  engineer  the  choice  of  material 
and  plan  best  adapted  to  the  peculiar  circumstances  under  which  his 
bridge  is  to  be  built. 

Me.  Charles  Macdonald.  — The  only  point  upon  which  there  seems 
to  be  any  material  difference  in  the  standard  for  rolling  loads  on  railroad 
bridges  in  the  reports  submitted,  refers  to  short  spans  up  to  30  feet,  and 
involves  that  important  part  of  bridge  construction  known  as  the  "  floor 
system."  Mr.  Ellis,  in  fixing  his  standard  (a  high  one  in  my  judgment) 
has  taken  a  very  heavy  engine,  divided  its  weight  by  the  length  of  wheel 
base,  and  assumed  that  the  result  is  a  correct  load  per  foot,  for  a  span  of 
12  feet,  A  4-axled  locomotive  weighing  84  000  pounds,  will  have  4  feet 
between  the  axles,  so  that  the  two  extreme  ones  will  rest  on  the  abut- 
ments of  a  12  foot  span,  and  the  two  intermediate  axles  only  bring  a  load 
to  bear  on  the  floor  beams;  therefore,  we  should  divide  by  16  instead  of  12 
feet.  But  that  is  not  the  way  in  which  the  standard  given  in  Report  III 
was  obtained  ;  it  was  assumed  that  in  every  span  from  12  up  to  30  feet, 
the  locomotive  (of  81  000  pounds  weight)  stands  in  the  centre  of  the 
span,  the  flexure  caused  by  each  separate  axle  was  then  determined,  and 
that  weight  which  uniformly  distributed  would  produce  the  curve  of  this 
flexure — namely  5  250  pounds  for  spans  to  15  feet — was  taken  as  the  load. 
The  community  requires  standards  which  are  eminently  safe.  If  they 
are  fixed  too  high,  in  some  cases  an  expense  will  follow  which  will  prevent 
the  erection  of  good  structures,  and  in  others,  lower  and  unauthoritative 
standards  will  be  taken  ;  so  that  in  time,  those  adopted  will  be  practically 
useless. 

In  recommending  the  standard  laid  cIoavu  for  road  bridges  in  all  the 
reports  but  the  last,  an  effort  was  made  to  establish  something  that 
would  generally  be  recognized  as  perfectly  safe,  without  taking  account 
of  the  excessive  loads  which  might  not  go  upon  the  bridge  once  in  20  years, 
and  which — by  fixing  a  standard  of  safety  of  10  000  pounds  to  the  square 
inch — would  be  provided  for  in  the  elasticity  of  the  material. 

Generally,  in  the  construction  of  bridges,  great  care  is  taken  to  test 
the  strength  and  quality  of  iron  ;  the  relation  between  the  elastic  limit 
and  the  point  of  rupture  is  also  considered. 

It  is  not  sufficient  to  determine  merely  the  breaking  strength  ;  many 
specifications  require  that  the  material  used  shall  "be  60  000  pounds 
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iron."  Several  tests  of  iron  for  bridges  on  the  Erie  Railway,  upon  spe- 
cimens -1  inches  long  by  |-inch  diameter,  were  made  in  a  hydraulic  press. 
showing,  in  some  instances,  from  50  000  to  55  000  pounds  tensile  strength. 
Surprise  was  expressed  at  this — a  second  series  of  tests  was  carefully 
made  upon  "short"  and  "long"  specimens  of  the  same  iron,  the  latter 
being  of  uniform  section  with  length  equal  to  12  or  14  diameters  ;  the 
short  specimens  broke  at  from  60  000  to  62  000  pounds,  and  the  long  at 
about  10  000  pounds  less,  per  square  inch  ;  the  quality  of  iron  was  indi- 
cated by  the  difference  in  breaking,  and  the  elastic  limit  found  to  be 
27  000  pounds. 

The  revised  report  of  Messrs.  Bads  and  Smith,  referred  to  in  the  resolu- 
tion submitted  by  me*  comprises  of  Report  I,  the  first  tablet  as  it  stands; 
where  floor-beams  for  wagon-roads  are  specified,  the  width  of  the  wagon- 
road  is  to  be  indicated  as  8  feet;  for  the  second  fcal  >le$  (that  giving  the  uni- 
form distributed  moving  load  for  different  spans  of  railroad  bridges) — the 
second  table?  of  Report  III  is  to  be  substituted,  prefaced  by  the  follow- 
ing :  "For  railroad  bridges  the  structure  shall  be  at  least  capable  of 
carrying  on  each  track,  in  addition  to  its  own  weight,  2  locomotives- 
coupled,  each  weighing  30  tons  on  drivers  and  whose  total  weight  in- 
cluding the  tender  is  65  tons  each;  on  the  length  of  50  feet  said  locomo- 
tives to  be  followed  by  so  many  loaded  coal  cars  weighing  one  ton  per 
lineal  foot  as  will  cover  the  remainder  of  the  span  from  one  end  to  an- 
other;" the  report  as  revised  to  conclude  with  the  paragraph  succeeding 
the  fourth  table.|| 

The  resolution  contemplates  the  adoption  of  a  standard  which  shall 
be  recognized  by  the  members  of  this  Society  as  suitable  and  proper  for 
the  determination  of  the  strength  of  bridges.  There  being  a  considera- 
ble difference  of  opinion  among  the  members  of  the  committee  as  to  the 
proper  effect  to  be  given  to  this  recognition,  it  is  suggested  that  a  com- 
mittee shall  examine  into  the  advisability  of  any  legislation,  and  report 
as  soon  as  possible  to  the  Society  :  and  if  the  Society  recommends  the 
passage  of  a  law,  the  draft  of  such  law  to  be  published,  that  members 
may  have  an  opportunity  to  carefully  consider  the  matter. 


*  The  resolution  is  as  follows:  (See  Proceedings  Vol.  I,  page  251.) 
Resolved,  that  the  standard  of  loading  for  bridges  and  stresses  on  material  as  indicated  in 
the  revised  report  of  Messrs.  Eads  and  Smith  be  adopted,  and  that  a  committee  of  three  be 
appointed  to  report  at  as  early  a  day  as  practicable,  on  the  advisability  of  securing  legislation 
in  the  premises  ;  and  if  yes,  to  submit  the  draft  of  a  law  which  may  be  recommended  to  the  sev- 
eral State  legislatures  for  adoption  ;  the  report  to  be  printed  in  Transactions  and  acted  on  by 
letter  ballot. 

t  Page  123.  %  Page  124.  §  Page  132.  II  Page  125. 
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These  who  are  engaged  in  constructing  bridges  much  desire  that  in 
some  way  this  matter  be  determined  by  the  Society.  There  can  be  but 
little  difference  of  opinion  as  to  what  a  good  bridge  should  be,  and  we  as 
engineers  ought  to  be  able  to  decide  upon  a  standard  by  which  a  struc- 
ture can  lie  judged.  When  we  are  agreed,  it  will  be  fit  and  proper  to  em- 
body the  conclusion  in  the  draft  of  a  law,  with  a  view  to  put  up  such  bar- 
riers and  restraints  as  will  prevent  the  building  of  imperfect  structures. 
Defective  bridges  are  being  erected,  many  are  tumbling  down  after  use  for 
but  a  few  years,  and  yet  the  local  officials  who  make  the  contracts  have  no 
standard  to  which  they  can  refer;  the  test  generally  is  a  ton  to  the  foot, 
without  regard  to  whether  10  pounds  more  would  break  down  the  bridge 
or  not,  and  they  know  nothing  of  a  factor  of  safety. 

If  a  standard  is  adopted,  they  can  be  referred  to  something  authori- 
tative ;  afterwards  if  desirable,  attempt  may  be  made  to  secure  the  passage 
of  a  law,  and  thereby  to  arrive  at  something  like  the  security  had  in 
older  countries,  where  structures  are  not  permitted  to  be  built  without 
government  supervision,  and  consequently  it  is  rare  that  an  accident  or 
loss  of  life  caused  by  any  imperfection  is  heard  of. 

Me.  A.  D.  Briggs. — It  is  certainly  of  great  importance  to  the  public 
safety  that  all  bridges  hereafter  constructed  shall  be  of  unquestionable 
strength.  How  this  is  to  be  brought  about  by  legislation  is  a  problem  of 
considerable  difficulty,  and  especially  so  in  regard  to  highway  bridges. 

In  the  northern  slopes,  where  large  quantities  of  snow  and  ice  accumu- 
late upon  bridges  every  winter,  these  structures  are  frequently  subjected 
to  very  great  strain,  in  consequence  of  such  accumulations  in  addition  to 
the  loads  which  they  are  usually  calculated  to  sustain  in  carrying  the 
ordinary  traffic  of  the  country  in  which  they  are  situated.  This  is 
specially  true  in  regard  to  open  iron  bridges.  In  an  examination  a  few 
winters  ago,  of  an  open  iron  bridge  which  was  built  upon  a  specification 
to  carry  in  safety  a  load  of  20  tons,  I  found  that  the  ice  and  snow  upon  the 
floor  of  the  bridge  weighed  upwards  of  70  tons.  I  suppose  such  a  load 
could  not  have  accumulated  in  any  southern  slope,  and  probably  not  as 
far  south  as  this  city.  If,  therefore,  legislation  is  to  be  recommended 
by  this  Society  at  all.  upon  this  subject,  it  should  conform  to  the  neces- 
sities of  the  different  sections  of  the  country;  bridges  at  the  north  being 
often  subjected  to  a  much  greater  strain  than  those  further  south,  for  the 
reasons  above  stated. 

Neither  do  I  consider  it  just  or  wiss  to  place  all  kinds  of  bridges  or 
all  kinds,  forms  and  qualities  of  iron  upon  a  level.     Good  iron  is  better 
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than  poor,  and  some  forms  of  iron  will  sustain  a  much  greater  load  per 
square  inch  of  section  than  others.  Round  bars  are  more  reliable  in 
first  instance,  and  less  likely  to  become  weakened  by  rusting  than 
''channels,"  "angles,"  and  thin  plates,  and  I  think  the  strain  on  the 
iron  of  a  bridge  built  upon  the  plan  known  as  "  Howe's  Patent,"  where 
the  impact  of  a  suddenly  applied  load  is  cushioned,  so  to  speak,  by  the 
interposed  timbers,  is  very  much  less  than  where  the  parts  of  the  trusses 
are  all  of  iron.  In  some  of  the  bridges  upon  that  plan  in  Massachusetts, 
built  25  years  ago,  the  iron  in  the  trusses  was  calculated  and  propor- 
tioned to  sustain  a  load  of  20  000  pounds  per  square  inch  of  section,  and 
although  the  traffic  over  them  has  increased  very  greatly,  so  that  strains 
to  that  extent  are  often  caused,  I  have  not  known  any  of  these  truss 
mds  to  fail.  I  should  consider  it  but  little  short  of  madness  to  subject 
the  number?  of  ordinary  iron  truss  bridges  made  of  ordinary  iron,  to  any 
such  strain  as  many  "Howe"  bridges,  which  are  now  in  use  in  various 
parts  of  the  country,  daily  sustain. 

There  is  another  difficulty  in  regard  to  legislating  as  to  the  strains 
per  square  inch  of  section  of  the  various  parts  of  a  bridge.     We  have 
heard  much  about  bridge-building  having  been  reduced  to  an  absolute 
and  exact  science,  so  that  with  a  given  load,  the  strain  upon  every  part 
of  a  truss  can  be  definitely  known.     This  may  be  so,  but  I  find  a  wide 
margin  of  difference  in  this  respect  among  the  leading  bridge-builders  of 
the  country,  and  considerable  amusement  has  been  furnished  recently 
by  the  published  correspondence  of  prominent  members  of  the  profes- 
sion, in  regard  to  the  bridge  over  the  Connecticut  river  at  Springfield, 
upon  the  Boston  <fc  Albany  R.  R. .  in  which  there  appears  to  be  a  differ- 
ence of  opinion,  of  more  than  30  per  cent,  as  to  the  reliable  strength  of 
portions  of  that  bridge;  and  even  greater  discrepancies  than  this  have 
recently  appeared  in  the  calculations  of  leading  bridge-builders,  where 
specifications  of  sizes  and  bids  were  invited,  for  a  specific  form  of  bridge. 
So  long  as  such  discrepancies  occur  in  the  calculations  of  different 
engineers,  I  think    if    the    Legislature  of   Massachusetts  was  asked  to 
legislate   as   to  the  sizes  and  strains  of    different  portions  of   bridges 
to  be  hereafter  built  in  that  State,  some  inquisitive  member  might  en- 
quire who  was  to  make  the  calculations,  and  would  probably  suggest  that 
a  more  reliable  rale  of   safety  would  be  to  follow  the  practice  of  the 
government  inspectors  of   bridges  in   England  and  France,  and  when 
granting  a  certificate  of  the  safety  of  a  structure,  rely  more  upon  actual 


219 

tests  by  loading,  than  on  calculations  of  the  strains.  The  computed  sec- 
tions of  the  various  portions  of  a  bridge  can  be  used  by  the  builder  for 
his  security,  but  at  present  I  should  advise  making  contracts  for  bridges 
to  sustain  given  loads,  rather  than  the  ultimate  reliance  upon  calculated 
strain.  I  much  doubt  the  advisability  or  expediency  of  the  proposed 
action  of  the  Society,  and  hope  it  will  not  be  adopted.  I  do  not  consider 
the  standards  of  strength  recommended  by  the  various  members  of  the 
committee  in  the  several  reports,  any  too  high  for  railroad  bridges  or  for 
highway  bridges  in  thickly  settled  towns  or  cities  where  crowds  of  people 
are  liable  to  congregate. 

Mr.  Theodore  G.  Ellis. — I  favor  the  revised  report  as  set  forth  in 
Mr.  Macdouald's  resolution,  excepting  that  part  wherein  a  definite  strain 
per  square  inch  of  iron  is  fixed.  Engineers  in  different  parts  of  the 
country  have  to  deal  with  materials  of  varying  quality,  and  it  is  always 
sound  practice  to  so  make  use  of  means  at  hand,  as  to  fully  compass  the 
desired  result.  It  would  be  an  unnecessary  expense  to  import  iron  from 
a  distant  point,  simply  because  the  local  product  was  slightly  inferior 
in  quality.  I  think  the  clause  referred  to  should  be  stricken  out,  or  else 
other  factors  of  safety  determined  on  for  use  in  certain  circumstances. 
Engineers  of  equal  experience  and  training  differ  much  regarding  factors 
of  safety.  Thus,  Mr.  Brunell,  of  England,  said  he  would  not  hesitate  to 
build  all  bridges  with  a  factor  of  one-third.  It  would  be  well  to  discuss 
whether  a  less  factor  of  safety  should  be  used  or  smaller  parts  of  the 
breaking  strain  be  taken  for  a  live  or  variable  load,  than  for  a  dead  or 
permanent  one.  We  know  exactly  what  the  latter  is  ;  this  weight  will 
never  be  increased  on  bridges,  whereas  the  live  load  may  at  any  time  ex- 
ceed what  the  engineers  expected.  It  was  not  intended  that  the  truss-rods 
of  the  bridges  referred  to  by  Mr.  Briggs,  should  be  strained  as  men- 
tioned ;  they  were  designed  for  a  much  smaller  load.  If  the  whole  bridge 
is  proportioned  in  reference  to  the  same  factor  of  safety,  the  weight  of 
long  spans  is  unnecessarily  increased.  If  the  rolling  load  is  then  ex- 
ceeded, a  great  strain  is  brought  on  the  middle  diagonals,  which  will 
break,  long  before  the  end  diagonals  receive  their  working  road. 

Mr.  William  H.  Searles. — Speaking  of  the  factor  of  safety.  I  think 
it  is  only  in  reference  to  the  breaking  strain  of  iron,  that  there  is  any  par- 
ticular question.  We  have  only  to  do  with  the  limit  of  elasticity,  to 
which  we  must  refer,  before  we  cau  frame  a  law,  or  crystalize  our 
thoughts  into  one  formula;  upon  that  a  factor  of  safety  can  then   be 
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based.  The  factor  may  be  less  than  usually  taken — only  one  and  a  half 
or  two — but  whatever  it  is,  this  is  much  the  safest  basis  to  go  upon;  other- 
wise, even  though  a  rod  may  not  be  ruptured  in  testing,  it  may  possibly 
be  injured  and  so  lead  to  accident  at  some  future  time  ;  if  we  keep  within 
the  limit  of  elasticity,  we  shall  always  be  safe. 

Mr.  Theodore  G.  Ellis. — I  admit  that  the  limit  of  elasticity  is  the 
limit  of  strain  we  can  put  upon  iron  without  injuring  the  structure  in 
which  it  is  placed.  In  well  manufactured  iron,  the  limit  of  elasticity 
bears  not  an  exact  but  a  proportionate  ratio  to  the  ultimate  strain,  but 
were  the  limit  of  elasticity  made  the  standard,  it  is  very  easy  to  bring  up 
this  limit.  By  stretching  a  bar  of  iron  in  which  this  liinit  is  one-half  of 
the  strength,  the  limit  may  be  increased,  though  the  material  is  thereby 
injured.  In  good  irons,  the  ultimate  strength  bears  a  sufficiently  deter- 
minable ratio  to  the  limit  of  elasticity,  to  make  that  strength  the  best 
criteiion. 

.Mi;.  Clemens  Herschel. — 1  apprehend  that  the  more  this  subject  is 
discussed,  the  more  we  shall  find  out  the  many  details  connected  with  it, 
and  that  it  is  impossible  so  to  legislate  as  to  include  these  in  a  law — ■ 
these  details,  upon  many  of  which  the  opinions  of  engineers  differ,  and 
may  always  differ  upon  some.  At  the  same  time,  I  appreciate  fully  the 
remarks  made  as  to  the  existing  condition  of  bridge  building  in 
the  country  and  the  desirability  of  raising  the  general  standard  of 
const  ruction. 

I  do  not  think,  however,  that  a  remedy — -one  to  cover  the  ground 
gone  over — can  be  devised  through  legislation.  I  do  not  despair  at  this, 
lor  as  we  all  know,  there  are  many  evils  in  social  and  civil  life  that  leg- 
islation will  not  cure.  But  I  am  very  desirous  that  something  should  grow 
out  of  the  labors  of  the  committee,  for  the  prevention  of  bridge  acci- 
dents; that  the  Society  should  arrive  at  some  definite  end,  and  it  is  for  that 
very  purpose  that  I  wish  to  see  the  committee  and  the  Society  somewhat 
more  moderate  in  their  aims,  so  as  to  secure  success  in  this  matter  with- 
in a  reasonable  time.  I  do  not  propose  to  yield  to  any  one  in  my  oppo- 
sition to  what  has  been  termed  "  the  tribe  of  tin-pan  engineers."  I  dif- 
fer only  as  to  the  means  of  effecting  the  end  which  we  all  desire — the 
averting  of  bridge  accidents. 

I  think  the  Society  should  confine  itself  in  its  applications  to  the  sev- 
eral legislatures,  to  recommending  tests  of  finished  bridges.  For  this  I 
think  there  is  a  good  prospect  of  securing  the  desired  legislation.     The 
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only  way  that  laws  will  be  effective,  is  by  settling  upon  some  general  prin- 
ciples that  include  many  others,  and  prescribing  that  these  must  not  be 
violated.  The  reverse  of  this,  to  legislate  in  detail  for  every  little  item 
and  article,  has 'always  been  a  failure  and  is  productive  of  dead  letter 
laws.  You  will  readily  see  that  to  legislate  upon  the  tests  of  finished 
bridges  is  legislating  in  the  way  mentioned— upon  a  general  principle 
that  includes  under  it  all  minor  details  of  strains,  cross-sections  and 
qualities  of  materials  and  many  others.  It  is  a  practicable  measure,  and 
one  that  I  think  will  commend  itself  to  the  general  public,  which,  after 
all,  does  the  legislating.  Let  every  bridge,  before  it  is  opened  for  pub- 
lic travel,  be  tested  with  a  prescribed  load,  different  kinds  of  bridges 
with  different  but  determined  loads,  and  all  bridges  to  act  in  a  prescribed 
manner  under  their  loading.  This  is  a  simple  matter,  and  city  and  town 
authorities,  railroad  corporations  and  private  individuals,  can  be  com- 
pelled by  State  laws  to  test  every  bridge  in  this  manner  before  it  is 
opened  for  public  uses.  We  have  now  in  our  machinery  of  government, 
the  officers  who  can  carry  out  these  tests,  such  as  city  engineers,  county 
and  railroad  commissioners,  and  the  like.  I  trust  therefore,  that  those 
having  this  matter  in  charge,  may  be  induced  so  far  to  modify  their  rec- 
ommendations to  State  legislatures  as  to  confine  themselves  simply  to 
advising  definite  tests  of  finished  bridges  before  opening  them  for 
public  travel. 

Mb.  C.  Shaler  S.uith. — Mr.  Briggs  has  spoken  of  the  differences  be- 
tween experts  in  formula'  in  bridge  calculation.  I  think  that  the  gen- 
eral formula?  in  use  by  all  good  bridge  engineers  will  be  found,  upon  ex- 
amination, to  be  the  same.  Given  the  same  live  and  dead  loads,  span- 
depth  and  panels,  and  the  skeleton  strain-sheets  produced  by  any  num- 
ber of  engineers  will  be  almost  identical.  Add  now  to  the  specifications, 
limiting  strains  per  square  inch  in  tension,  compression  (varying  by 
diameters  and  length),  shearing,  pin-surface,  rivet-section,  flexure  and 
floor-beam  links,  and  they  will  produce  structures  identical,  as  were  the 
strain-sheets.  They  will  then  differ  only  in  the  shapes  in  compression, 
which  will  be  of  more  or  less  value  as  the  shapes  are  more  or  less  per- 
fect, and  here  a  new  specification  is  required  to  produce  uniformity  as 
to  strength. 

If  however,  instead  of  specified  strains  per  square  inch,  a  uniform 
factor  of  safety — say  5 — is  required,  every  man  will  be  on  a  different 
basis  at  once.     One  will  consider  his  iron  good  for  60  000  pounds  tension 
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and  12  000  pounds  his  factor  strain,  while  others,  with' equally  good  iron, 
will  use  10  000  or  11  000  pounds  for  the  same  strain,  per  square  inch. 
In  floor-beams,  pins  and  short  links,  there  will  be  still  greater  differ- 
ences, and  in  compression  sections  and  riveted  joints  there  will  be  hope- 
less confusion.  I  have  myself  seen,  in  a  late  competition,  a  Phoenix 
column  used  in  one  design  at  8  000  pounds,  while  another  design  showed 
a  trough-shaped  member,  less  than  half  the  strength  of  this  column, 
used  at  10  000  jjounds  per  square  inch,  and  the  strains  on  the  strain- 
sheets  of  the  two  designs  were  almost  identical. 

The  questions  about  which  experts  generally  are  at  variance  are  not 
of  formulae,  but  of  application  of  those  formulae  and  of  the  mechanical 
details  of  connections,  etc.  These  were  the  considerations  which  led 
those  of  the  committee  signing  Report  I  to  adopt  the  system  of 
specified  strains  per  square  inch  for  each  material,  varied  according  to 
character  of  strain,  shape  of  section  and  j>osition  in  structure.  More- 
over, in  England  and  several  of  the  continental  countries,  this  same 
system  of  limitation  of  stress  per  sectional  areas  has  been  adopted  by 
government  authorities  and  boards  of  trade,  and  the  consequences  are 
seen  in  the  limited  number  of  accidents  reported  from  this  cause.  In- 
deed, in  his  last  report  Capt.  Tyler  does  not  mention  the  failure  of  a 
single  bridge,  while  there  were,  I  believe,  nineteen  accidents  of  this  class 
in  the  United  States  in  the  same  time.  We  felt  therefore,  that  these 
failures  could  and  should  be  dealt  with  legally;  that  the  law  should  pro- 
vide both  for  the  proportioning  and  after  care  of  bridges;  that  it  should 
be  explicit  in  its  provisions,  but  avoid  all  complications  as  to  elastic  lim- 
its, etc.,  and  that  finally,  this  Society  was  the  proper  body  to  direct  leg- 
islation on  this  subject.  In  conclusion,  I  venture  to  predict  that  when 
the  U.  S.  Commission  on  tests  of  Iron  and  Steel  has  completed  its  la- 
bors, the  limiting  strains  thereby  recommended  for  iron  shapes  and 
wood  sections  will  not  vary  materially  in  an}*  way,  from  those  set  down 
in  the  tables  of  Report  I. 
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At  the  Seventh  Annual  Conventions 


ON   I'OiriNG-   ENGINES.f 

Me.  W.  Mllnor  Roberts. — As  the  only  one  present  of  the  commit- 
tee making  the  Report  on  Pumping  Engines,  I  have  but  to  say  that  the 
Chairman  did  the  work  and  intended  to  he  here  to  discuss  this  report, 
which  consists  mainly  <  >f  a  tabulated  statement  of  the  prominent  charac- 
teristics of  different  pumping  engines  in  use. 

Mb.  David  M.  Greene. — This  report  is  a  mere  statement  of  facts, 
some  of  which  are  well  known  to  those  conversant  with  the  subject.  In 
looking  over  it  certain  discrepancies  appear,  which  cannot  be  explained 
by  any  data  presented.  The  necessary  elements  relating  to  any  pump- 
ing engine  and  its  appurtenances  being  given,  it  is  cpiite  practicable  to 
determine  in  advance  what  will  be  the  character  of  the  performance  of 
that  engine. 

Me.  James  H.  Harlow. — The  Lynn  and  Lowell  engines  are  con- 
sidered the  best  pumping  engines  in  the  country,  because  they  gave  the 
highest  duty  of  any  on  special  trial,  viz.  :  103  923  215  and  93  002  ii72 
feet  pounds,  respectively.  A  high  duty  in  a  special  test  is  of  no  prac- 
tical value  to  those  using  the  engine,  except  to  show  whether  the  engine 
is  a  good  or  poor  one.  An  engine  that  will  not  give  a  high  duty  on 
special  trial  will  not  be  likely  to  give  so  good  a  duty  on  a  yearly  run. 

The  duty  of  an  engine  for  practical  purposes  should  be  calculated  on 
the  total  amount  of  coal  used,  without  deduction  of  any  kind  whatever. 
The  coal  must  be  paid  for,  whether  combustible  or  ashes.  On  a  special 
test,  I  do  not  know  why  combustible  is  not  as  well  as  anything  to  calcu- 
late duty  on;  for  in  comparing  two  engines  the  amount  of  combustible 
should  be  taken  into  account.  The  point  where  these  engines  are  to  be 
beaten,  if  at  all,  is  in  their  cost.  If  the  interest  on  the  extra  cost  of  one 
engine  over  another,  exceeds  the  cost  of  the  saving  in  fuel,  it  wiU  be 
cheaper  to  use  the  inferior  engine.     (This  does  not  cover  the  whole  ques- 

*  Continued  from  page  222. 

t  Referring  to— CXI.,  Statistics  of  the  Cost  and  Work  of  Pumping  Engines,  Gorhain  P. 
Low,  Jr.,  W.  Jlilnor  Roberts  and  John  Bogart,  Committee;  page  112. 
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tion  but  is  the  main  item.)     The  cost  of  the  engine  is  understood  to 
mean  the  cost  of  everything  dependent  on  the  style  of  engine. 

In  order  to  show  what  the  Lynn  and  Lowell  engines  do,  as  they  are 
usually  run,  I  have  prepared  the  accompanying  table  of  work  done  in  May. 
1&75.  The  notes  from  which  the  table  is  compiled  were  taken  by  myself 
from  the  books  of  record  kept  1  >y  the  respective  engineers  and  are  ex- 
pressed in  columns  A,  B,  F,  G,  II  and  J;  sufficient  explanations  are  at 
heads  of  tin  sse  c<  Junius.  Column  G  gives  the'quotient  resulting  from  divid- 
ing the  number  of  revolutions  by  the  minutes  run.  The  rated  capacity  of 
each  engine  is  5  000  000  gallons  per  24  hours,  although  each  will  do  a  lit- 
tle more.  In  order  to  pump  5  000  000  gallons  in  24  hours  the  Lynn  en- 
gine must  make  18.6  and  the  Lowell  engine  11. 18  revolutions  per  minute. 
'Flu  average  speed  of  the  Lynn  engine  exceeds  the  above  by  0.48  per  cent. ; 
the  Lowell  engine  never  came  up  to  the  speed  above,  the  average 
being  but  70. 2  per  cent,  of  11.18  revolutions  per  minute.  The  reason 
for  the  low  speed  is  that  the  engine  draws  from  a  filter  gallery  that  does 
not  furnish  a  full  supply  for  the  engine.  Column  D  is  the  quotient  of 
column  •/.  divided  by  5  000  000,  the  rated  capacity  of  each  engine. 
Column  E  shows  the  state  of  the  pump-well.  The  pump-well  of  the 
Lynn  engine  is  supplied  with  water  through  pipes,  connecting  with  the 
ponds  under  a  head  of  20  to  25  feet,  thus  enabling  the  engineer  to  keep 
practically  the  same  depth  of  water  by  opening  or  closing  a  gate  at  the 
engine  house.  The  pump-well  at  Lowell  receives  its  supply  through  a 
pipe  connecting  with  the  filter  gallery,  which  in  turn  receives  its  supply 
by  the  infiltration  of  water  through  the  gravel  ;  thus  it  is  out  of  the 
power  of  the  engineer  to  prevent  the  variation  in  the  well,  which  some- 
times amounts  to  12  feet.  Column  /  i-  the  total  coal  minus  the  ushes,  di- 
vided bythe  total  coal.  Column  ./  is  the  number  of  revolutions  multiplied 
by  the  actual  capacity  of  the  pumps  as  determined  by  experts,  viz.  186.7 
and  310.4  gallons;  the  loss  of  action  of  Lynn  pumps  was  3.9564  per  cent. 
and  of  Lowell  pumps,  3.6497  per  cent.  Column  K  is  duty  by  formula 
i  at  head  of  column,  in  which  G  =  gallons,  column  ./;  //"=  dynamic 
head,  column  F,  and  W=  weight  of  coal  in  pounds,  column  G.  Column 
L  is  a  duty  calculated  on  the  assumption  that  the  Lowell  engine  runs 
the  same  length  of  time  as  the  Lynn  and  making  a  corresponding  increase 
in  amount  of  water  pumped  and  coal  used  while  running.  The  duty  would 
then  be  calculated  on  the  coal  given  for  the  Lowell  engine,  minus  960 
pounds  used  for  other  purposes  and  increased  by  the  same  ratio  as  the 
times  between  the  Lowell  and  Lynn  engines,  plus  960  pounds. 
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At  Lynn  are  two  boilers  (a  more  particular  description  of  which  may 
"be  seen  in  the  report  of  experts*  upon  the  trial  of  the  engine),  both  of 
which  are  usually  in  use.  There  is  also  a  small  boiler  used  for  heating 
the  building,  but  which  was  not  in  use  in  May.  The  boiler  feed-pump 
is  situated  in  the  boiler-room,  it  is  not  connected  with  the  engine,  and 
takes  steam  from  the  main  boiler.  The  expertsf  find  that  this  feed- 
pump  uses  as  much  steam  in  8  hours  as  would  have  been  used  in  52 
hours,  if  connected  as  at  Lowell.  The  jackets  of  the  steam  cylinder  are 
supplied  by  steam  by  the  main  boiler. 

It  is  the  custom  at  Lynn  to  start  with  cold  engine,  boilers  and  water, 
to  run  several  days  at  about  62  per  cent,  of  the  engine  capacity  and 
then  to  allow  the  fires  to  burn  out,  He  still  a  few  days  and  start  again. 
Before  starting  everything  is  cleaned  up.  The  amount  of  coal  allowed  by 
the  engineer  was,  in  May  3  900  pounds,  or  355  pounds  each  time  the  fires 
were  banked.  There  are  also  allowed  12  000  pounds  for  starting.  This 
would  give  an  average  of  545  pounds  each  time  steam  was  raised  after 
banking,  and  1  200  pounds  each  time  steam  was  raised  from  cold  water. 
This  method  of  running  would  seem  to  be  the  most  economical  unless  the 
deleterious  effect  of  expansion  and  contraction  (by  reason  of  heating  and 
cooling  of  the  cylinder,  which  would  add  to  the  cost  of  repairs)  would 
balance  the  saving  in  coal  used.  The  force  main  is  20  inches  in  diameter 
and  1  904  feet  long, 

At  Lowell  are  three  boilers  of  similar  construction  as  those  at  Lynn; 
one  boiler  was  in  use  except  when  burning  cinders,  when  two  were 
used.  A  small  boiler  is  used  (in  which  steam  is  constantly  maintained) 
for  the  steam-jackets;  when  the  engine  or  main  boilers  are  not  in  use  360 
pounds  of  coal  per  day  are  required.  During  the  time  the  engine  is 
running,  steam  is  supplied  to  the  jacket  from  the  main  boiler, 
being  shut  off  from  the  small  boiler.  The  feed-pump  is  attached  to  the 
engine,  takes  water  from  the  hot  well  and  forces  it  through  a  heater 
21.  5  feet  long  and  2. 5  feet  in  diameter,  placed  in  the  flue  leading  from  the 
boiler  to  the  chimney  to  the  boiler.  The  engineer  claims,  by  this  means, 
he  utilizes  50°  of  heat  that  would  otherwise  be  lost.  There  is  no  banking  of 
fires  under  the  main  boiler,  the  fire  being  started  new  each  morning  from 
water  at  about  212 :  (as  the  engineer  informs  me).  The  engine  is  run  until 
it  will  run  no  more,  reducing  the  steam  to  about  17  pounds  pressure. 
The  fires  are  allowed  to  remain  until  morning,  when  they  are   dumped 

*  Lynn  Water  Works.  Report  on  the  Trial  of  Duty  and  Capacity  of  the  Pumping  Engine. 
December,  1873.  t  Report,  page  20. 
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Performance  of  Lynn    \m 
For  references  see 


DAT  OF 

MINUTES  BUN. 

REVOLUTIONS. 

REVOLUTIONS 
PER    MINUTE. 

RATIO    OF     QUAN- 
TITY    PUMPED 
TO      CAPACITY 

OF  ENGINE. 

DEPTH    OF       j 
WATER    IN 
W*LL  BELOW 
GAUGE. 

1".  ■  t. 

DYNAMIC 

HEAD 
PUM  > 
AGAINST. 

Feet. 

MONTH. 

A 

B 

c 

• 

D 

E.    (a) 

F.  (&) 

Lynn. 

Lowell. 

Lynn. 

Lowell 

Lynn. 

Lowell. 

Lynn. 

Lowell. 

Lowell. 

Lowell. 

1 

3G0 

2  867 

7.96 

0.178 

20-28 

163.75 

2 



300 

2  766 

9.22 

0.171 

20-26.5 

163. 

3 

915 

373 

3  045 

18.58 

8.12 

6.189 

20-28 

4 

890 

360 

16  011 

2  969 

18.66 

8.24 

0.62 

0.184 

20-28 

163.75 

5 

910 

375 

16  783 

2  905 

18.44 

7.75 

0.626 

0.18 

20-28 

G 

980 

360 

18  172 

2  797 

18.84 

7.77 

0.678 

0.174 

20-28 

7 

365 



2  834 

7.77 

0.176 

20-28 

8 

370 

•J  871 

7.76 



0.178 

20-28 

163.75 

9 

360 

1  928 

0.119 

20-28 

10 

8.33 



0.191 

20-28 

11 

915 

16  915 

5  600 

18.48 

9.18 

0.347 

18-28 

1112.75 

12 

900 
895 
895 

GOO 

L6  598 
16G30 
16  800 

5  105 

18.44 

18.77 

8.51 

0.62 
0.621 

0.317 

18-28 

162.75 

13 
14 

600 

5  46.-, 

9.11 

0.339 

L6  28 

161.75 

15 

16 
17 

435 

8.5 

0.229 

18-28 

162.7.5 

575 

5  229 

9.09 

0.325 

16-27 

i-;i  .25 

18 

455 

3  646 

8.01 

0.224 

19.4-27 

163.45 

19 

445 



3  895 

8.75 

0.242 

18.9-27.6 

■jo 

905 

465 

16  810 

4  081 

L8.57 

8.77 

0.627 

0.253 

19-27 

162.75 

21 

890 

450 

16  463 

3  812 

18.50 

8.47 

0.614 

0.237 

19-25 

161.75 

22 
23 
24 

940 

545 

17  488 

18.61 

8.06 

0.653 

0.275 

19-26 

162.25 

CIS 

9. 

0.314 

16.6-28 

162.05 

25 

435 

3  765 

8.66 

0.233 

20-28 

163.75 

26 

900 

485 

16  5SS 

4  024 

18.43 

8.3 

0.G19 

0.25 

19-28 

163.25 

27 

890 

520 

16  530 

4  622 

18.27 

8.89 

0.617 

0.287 

18-28 

162.75 

28 

900 

485 

16  754 

4  343 

18.62 

8.95 

0.625 

0.27 

18-28 

162.73 

29 

525 



4  834 

22.44 

9.21 

0.46 

0.3 

18-28 
16.6-25 

162.75 

30 

550 



12  322 

915 

570 

16  800 

5  608 

18.36 

9.84 

0.G27 

0.348 

160.55 

31 

, 

14  190 

12  410 

265  264 

105  727 

Average... 

887 

460 

18.69 

8.52 

0.618 

0.243 

162.95 
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Xowell  Engines,  May, 

foot  note,  page  228. 
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TOTAL   COAL 
USED. 

Pounds. 


ASHES,  OR  XON- 
COMBUSTIBLE. 

Pounds. 
H. 


PER  CENT.  OF 
-  ITBLE. 
I. 


Lynn.      Lowell.  Lynn.   Lowell. 


5  350 
4  850 
4  850 

4  100 
19  150c 


5  750 

4  800 

4  800 

4  300 

19  650c 

5  250 

1  B5  I 

4  300 

14  400c 


5  650 

4  800 

4  800 

15  250c 

4  100 
4  800 


2  158 
2  060 
2  093 
1960 
2  060 
2  060 
1  786 

1  798 
1823 
1860 

2  620 
2  491 

360 
2  600 
1993 

360 
2  703 
2  509 
2  360 
2  360 
2  162 
2  460 

368 
2  560 
2  260 
2  360 
2  560 
2  560 
2  560 

360 
2  662 


590 
600 
570 
730 


540 

540 


527 

510 
900 


77  3.50    62  878 


490 
570 
480 

580 

020 


493 
212 


423 
202 
210 
186 
222 
416 
1  252 


Lynn.  Lowell. 


89. 
87.6 

88.3 

82.2 


1137 
595 


90. 

83.3 


H 

89.2 

89.8  ] 

88.7 
88.3 
89. S 
88.1 
84.1 
41.7 

56.3 

70. 


GALLONS    OF   WATER 
PUMPED. 


DUTY  PEK  100  LBS.  COAL. 


G       II      8.34       LOO 


W 


DUTY  AT 

LOWELL. 

UNDER 

ASSUMPTION 

AS  MATED. 

L.  (d) 


Lynn. 


3  173  900 
3  101  274 
3  133  386 
3  392  712 
12  801  272c 


Lowell. 


Lowell. 


3  158  030 
|  3  098  847 
1  3  104  821 

3  136  560 
12  498  258c 


480 
303 
207 

623 
293 


89.9 
89.5 
79.1 


528 
837 
417 


91.4 

88.2 
90. 


85.9 
87.1 


9  447   10  489 


590 


403  87.8 


82.3 

87. 2 
91.3 

86.2 

88.1 


3  138  427 
3  073  642 
3  265  010 

9  477  079c 


889  917 
858  566 
945  108 
921  :,77 
901  712 
868  189 
879  673 
891  15S 
5C8  451 
957  273 
1  738  240 
1  584  590 

1  696  336 

1  148  480 


80  771  004 

87  961  245 
112  663  260 
91  013  042c 


74  776  948 

87  897  531 

88  067  265 
99  313  545 

86  597  680c 


56  317  974 

56  658  130 
61  672  014 
64  213  194 
59  77-  792 

57  556  580 
67  264  470 
67  688  265 
41  832  052 
70  286  016 
90  052  440 
86  343  628 


S4  551  270 
90  632  042 
82  367  547 
81  604  423 


102  5S1  490 
99  055  205 


88  013  640 
77  217  364 


100  165  704 


1  623  081 
1  131  718 

1  209  008 
1  266  742 
1  183  24.-, 
1  364  208 


72.9  

88.6 

(  3  096  980 

'.086  151 

83.8  3  127  972 

91.2  '.1311103c 

2300517 

3  136  560 


81  390  222 

86  284  120 

103  379  720 

89  604  123c 


1  718  685 
1  168  656 
1  249  049 
1  434  669 
1  348  067 
1  500  473 


49524  7-7 


83.3   3  095  299 


1  740  723 
32  817  661 


1  215  169 


74  629  328 

87  537  700 

88  723  960 
83  128  642c 
76  394  260 
88  967  550 


SO  753  208 

614S7  817 

69  855  597 

72  855  542   90  729  4S0 

73  829  40U   94  584  130 

75  040  707   89  092  600 

90  734  000 

70  619  656 

72  058  767   88  751  146 

76  067  500   90  095  480 

J83   86  502  714 
79  556  273 


87  558  2S0   99  393  182 


s7  17:'  660    70  924  27'.'   89  752  920 
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and  new  started.  The  engineer  allows  GOO  pounds  of  coal  for  raising- 
steam,  being,  with  360  given  above,  960  pounds  used  for  other  pur- 
poses than  making  steam  when  running.  This  engine  is  compelled  to 
run  each  day,  as  its  supply  is  drawn  from  the  filter  gallery,  which  will  not 
furnish  enough  to  run  at  maximum  speed  for  a  few  days  and  then  allow 
fires  to  burn  out  and  rest  awhile.  The  force-main  is  '24  inches  in  diameter 
and  2  666  feet  long.  If  at  Lowell  there  was  used  as  good  coal  as  at 
Lynn,  the  engine  would  give  4.5  per  cent,  better  duty.*  The  following 
is  deduced  from  the  Table  : — 


Column  K. 

Column  L. 

Lynn. 

Lowell. 

Lynn. 

Lowell. 

Lowell. 

Duty 

4  214 

192G 

99  299  350 
107  230  881 

85  7C4  608 
102  960  604 

107  739  900 

" 

"   combustible  used  while  run- 

122  130  844    123  362  07C 

Me.  E.  D.  Leavltt,  Jr. — It  is  to  be  regretted  that  the  committee  has- 

not  given  more  information  that  is  new,  or  not  readily  obtained  from 
published  official  reports  of  the  various  water- works  to  which,  reference- 
was  made.  I  hoped  that  much  light  would  be  furnished  on  the  cost  of 
delivering  water  into  the  distributing  mains  ;  but  it  appears  from  an  in- 
spection of  Table  No.  3,  that  in  most  instances  pump  capacities,  rather 
than  actual  deliveries  into  the  reservoirs  or  stand-pipes,  are  the  basis 
upon  which  the  cost  is  assessed.  [n  the  case  of  engines  with  fixed 
lengths  of  stroke,  a  tolerably  fair  estimate  of  the  loss  of  action  can  be 
arrived  at,  but  Cornish  or  duplex  engines  are  liable  to  considerable  vari- 
ations in  their  piston  travel,  and  I  am  not  aware  that  at  any  worksf  al- 
lowance is  made  for  short  strokes,  Avhich,  by  personal  observation,  I  have 
found  in  some  cases,  to  be  8  per  cent,  less  than  the  stroke  credited. 

It  seems  desirable  that  the  wier,  or  some  other  equally  accurate  test-of 
capacity,  should  be  more  frequently  employed.  In  constructing  reser- 
voirs, a  permanent  wier  could  easily  be  put  in,  thus  permitting  the  loss  of 
action  in  the  pumps  to  be  determined  as  often  as  desired. 

*  References  made  in  the  tablo  : 
(a.) — Depth  of  water  in  well  below  gauge — Lynn  20  feet,  with  but  little  variation. 
(6.)— Water  gauge,  each  day  run,— Lynn  62,  and  Lowell  GO. 5  pounds.     J  "yuamic  head  pumped 

against — Lynn  163.25  feet. 
(C.) — Total  or  average  for  this  run. 
[d.) — At  Lynn  two  boilers  were  used  when  running,  and  at  Lowell  from  May  11th  to  18th  and 

from  May  25th  to  31st;  the  remainder  of  the  time  at  Lowell  but  one  was  used. 

t  Cambridge,  Mass.,  is  an  exception. 
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The  superiority  of  beam-engines  in  respect  to  low  cost  for  repairs  is 
very  clearly  shown  by  the  returns  from  Chicago,  Louisville  and  Cleveland 
— this  item,  in  many  cases,  ranks  second  to  fuel  only — and  it  is  worthy  of 
remark  that  at  Chicago,  with  a  duty  of  only  44  750  000  feet  pounds, 
and  coal  at  $8.56  per  ton,  water  was  delivered  for  9.G71  cents — while  at 
Salem,  with  a  duty  of  59  000  000  feet  pounds,  and  coal  at  $7. 14  per  ton, 
it  cost  12. 156  cents — per  million  gallons  raised  one  foot  high. 


ON    COMPOUND   ENGINES.* 

Me.  John  W.  Hill. — The  experiments  and  subsequent  paper  upon 
the  compound  and  single  engines,  under  discussion,  must  be  of  great  value 
to  those  interested  in  this  department  of  engineering.  Although  it  has 
been  demonstrated  by  these  experiments  that  under  like  conditions,  the 
compound  operates  with  a  saving  over  single  engines,  this  evidence 
alone  is  scarcely  sufficient  to  convince  exponents  of  the  single  engine 
that  their  theories  are  incorrect  ;  since  it  is  possible  to  point  to  the 
operation  of  a  certain  single  cylinder  engine,  the  economy  of  which  sur- 
passes the  best  exhibited  in  the  record  of  these  experiments.  As  in 
summing  the  results  obtained  in  the  paper,  the  points  discussed  are  ar- 
ranged under  distinct  heads,  it  will  be  most  convenient  to  pass  upon 
them  in  regular  order. 

The  first  point  presented  relates  to  the  benefits  derived  from  the  use 
of  the  steam-jacket.  The  advantages  to  be  obtained  from  the  use  of 
this  auxiliary  to  the  steam-engine  were  so  perfectly  exemplified  by  Watt, 
that  further  experiments  to  show  its  relative  value  would  seem  unneces- 
sary ;  yet,  in  a  series  of  comparative  tests  recently  made  by  the  writer, 
iipon  two  of  the  more  popular  stationary  cut-off  engines  of  the  same 
nominal  capacity,  operated  under  precisely  similar  conditions,  one  engine 
having  an  unjacketed  cylinder,  but  well  felted  and  lagged,  the  other 
engine  having  a  steam-jacketed  cylinder,  which  in  turn  was  protected  by 
a  coating  of  cement  under  a  lagging  of  oiled  walnut,  the  results  exhibit- 
ed the  apparently  anomalous  fact  of  the  highest  grade  of  economy  in 
the  engine  having  the.  unjacketed  cylinder.  Both  engines  were  of  ex- 
cellent make  and  were  built  with  the  experiments  in  prospect,  and  yet  it 
appears  that  the  engine  having  the  jacket  yielded  results  quite  inferior 
to  its  competitor.  This,  however,  should  not  be  accepted  as  an  evidence 
of  weakness  in  the  principle  of  jacketing  the  cylinder  of  an  engine  with 


*  Referring  to — CIV,  Compound  and  Non-Compound  Engines,  Steam  Jackets,   &c,  C.  E. 
Emery;  page  3G8. 
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live  steam,  as  a  careful  examination  of  the  data  and  the  diagrams  from 
both  engines  convinced  the  writer  that  the  jacket  was  a  positive  aid 
to  the  defeated  engine,  but  the  valve  motion  was  such  as  to  more  than 
destroy  the  advantages  obtained  therefrom. 

The  second  point  covers  the  comparison  of  the  work  of  compound 
and  single  engines.  During  the  discussion  of  the  fourth  point  of  his 
paper.  Mr.  Eniery  remarks:  "That  an  experiment  made  upon  one  engine 
cannot  be  used  as  a  basis  of  comparison, except  for  engines  of  similar  size 
under  similar  conditions;"*  that  is,  the  performance  of  an  engine  of 
100  H.  P.  is  not  comparable  with  the  work  of  an  engine  of  150  H.  P. , 
although  the  conditions  be  precisely  alike  and  the  engines  of  the  same 
class  and  detail.  This  may  be  consistent  with  theory  within  certain 
limits,  yet  it  will  not  admit  of  universal  application.  Further,  it  sets 
aside  the  possibility  of  the  standard  of  economy  by  which  the  relative 
performance  of  all  engines  may  he  computed,  li  appearsto  the  writer, 
that  it  tin'  same  regard  to  the  requirements  of  theory  obtains  in  the  con- 
struction of  two  engines  of  like  pattern,  one  of  100 and  the  other  of  400 
H.  P.  capacity,  both  to  be  operated  under  similar  conditions,  that  it  is 
entirely  proper  to  expeel  practically  identical  results  in  point  of  econo- 
my. It  is  doubtful  if  any  law  can  be  referred  to  in  mechanics,  contra- 
dicting the  possibility  of  this  assumption. 

Taking  the  results  obtained  from  the  compound  engine  of  the  steamer 
Push,  which  with  an  assumed  boiler  efficiency  of  0  pounds  of  water 
evaporated  per  pound  of  coal  consumed,  are  the  besl  in  the  record,  and 
bringing  them  into  comparison  with  the  reported  performance  of  a  cer- 
tain single  cylinder  Cornish  pumping  engine,  we  should  arrive  at  a  result 
as  regards  the  comparative  value  of  the  compound  and  single  engine 
quite  different  from  that  promised  in  ."Mr.  Emery's  paper.  The  example 
(with  which  he  is  doubtless  familiar)  is  from  an  engine  built  by  Messrs. 
Hocking  &  Loam,  having  a  cylinder  85  inches  in  diameter  and  10  feet 
stroke,  operating  under  a  boiler  pressure  of  40  pounds  per  square  inch 
above  the  atmosphere,  cutting  off  at  o.l  to  0.08  of  stroke  and  exhibiting 
the  unequaled  economy  of  1.55  pounds  of  coal  per  indicated  horse-power 
per  hour, t  while  the  best  work  of  the  compound  engine  of  the  Rush, 
upon  the  basis  of  9  pounds  of  water  per  pound  of  coal  was  2. 01  pounds  of 
coal  per  indicated  horse-power  per  hour.  By  this  comparison,  the  single 
engine  operates  with  a  saving  of  21  per  cent,  over  the  compound  engine. 


t  Pole's  Treatise  on  the  Cornish  Pumping  En^im-.     Art.  87 
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In  the  report  from  which  this  illustration  is  drawn,  no  mention  is  made 
of  the  evaporative  efficiency  of  the  boilers  employed  ;  yet  it  is  scarcely 
likely  that  this  was  greater  than  that  which  was  assumed  for  the  boilers  of 
the  Bush. 

The  third  point  relates  to  the  jacket  upon  the  high  pressure  cylinder 
of  a  compound  engine.  In  the  experiments  upon  the  steamer  Bache,  the 
range  of  temperature  was  greatest  in  the  high  pressure  cylinder,  whilst 
the  data  from  the  Bush  exhibits  the  least  range  of  temperature  in  that 
cylinder;  but  in  the  observations  for  the  Bnsh  Ave  find  the  initial  pressure 
to  be  the  least,  the  cut-off  later,  and  the  average  back  pressure  higher 
than  for  the  Bache  :  since  the  variable  expansion  gear  is  usually  applied 
to  the  high  pressure  cylinder  of  compound  engines,  it  follows  that  in  or- 
dinary practice  this  cylinder  will  be  subject  to  the  greatest  range  of  tem- 
perature, and  is  the  proper  cylinder  to  jacket  to  obtain  the  highest  useful 
effect  from  the  steam  consumed;  which  fully  accords  with  the  suggestion 
that  the  jacket  would,  in  all  probability,  lie  most  efficient  upon  cylinders 
of  bore  comparatively  small  in  relation  to  stroke. 

During  July,  1874,  a  series  of  economy  experiments  were  made  by 
Mr.  A.  S.  Greene,  Chief  Engineer,  U.  S.  N. ,  upon  a  compound  beam- 
engine  built  by  William  Wright  X'  Co.  The  principal  dimensions 
of  the  cylinders  were  as  follows  :  high  pressure  cylinder,  20  inches  in 
diameter  and  10  feet  10  inches  stroke  ;  low  pressure  cylinder,  40  inches 
in  diameter  and  7  feet  \  -inch  stroke  ;  the  piston  of  the  high  pressure 
cylinder  connected  at  the  end  of  the  beam,  the  piston  of  the  low 
pressure  cylinder  connected  inside  nearer  the  beam  centres  ;  the  high 
pressure  cylinder  was  fitted  with  Wright's  variable  expansion  gear, 
controlled  by  the  governor  ;  the  exhaust  was  regulated  by  a  pair  of  slide 
valves,  one  at  each  end  of  the  cylinder,  which  were  independent  of  the 
admission  valves  and  had  an  invariable  motion  relative  to  the  piston 
stroke.  The  admission  and  exhaust  were  effected  by  a  plain  slide  valve  at 
each  end  of  the  low  pressure  cylinder,  these  likewise  had  a  positive  and 
invariable  movement  relative  to  piston  stroke.  Both  cylinders  were  pro- 
vided with  steam-jackets,  but  during  the  economy  tests  that  on  the  high 
pressure  cylinder  only  was  used.  The  experiments  extended  over  a 
period  of  16  hours  and  showed  an  average  consumption  of  1.805  pounds 
of  coal  per  indicated  horse-power  per  hour. 

There  is  no  evidence  as  to  the  probable  result  had  the  jacket  been  used 
on  both  cylinders  or  only  on  the  low  pressure   cylinder,  yet  it  is  quite 
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likely  that  had  steam  been  admitted  to  both  jackets,  the  difference,  if  anyr 
in  the  cost  of  the  power  would  have  been  very  slight,  and  if  the  jacket 
on  the  low  pressure  cylinder  had  alone  been  used  the  cost  of  the  power 
(in  the  opinion  of  the  writer),  would  have  been  sensibly  increased.  The 
economy  of  this  engine  in  which  the  aggregate  piston  area  is  slightly  less 
than  in  the  engine  of  the  steamer  Rush,  when  compared  with  the  economy 
of  that  engine  (upon  an  assumed  evaporation  of  '.»  pounds  of  water  per 
pound  of  coal),  would,  in  the  absence  of  evidence  to  the  contrary,  con- 
vince the  writer  thai  a  positive  benefit  may  be  derived  from  the  use  of  the 
jacket  upon  the  high  pr<  ssure  cylinder  of  a  compound  engine,  instead  of 
it  being,  as  Mr.  Emery  views  it.  of  comparatively  little  value.  In  the 
further  discussion  of  this  part  of  his  paper,  he  assigns  to  the  jacket  the 
functions  of  a  superheater;  although  it  is  probable  that  daring  the  period 
of  expansion,  it  docs  produce  an  increase  in  the  sensible  heat  of  a  thin 
strata  of  stram.  impinging  upon  the  walls  of  the  cylinder,  it  is  scarcely 
likely  that  it  conduces  in  any  appreciable  degree  to  the  economy.  Cer- 
tainly he  does  not  attempt  to  calculate  the  benefit  from  this  source,  nor 
offer  a  formula  \\  hereby  its  value  may  be  determined. 

The  fourth  point  covers  the  influence  of  the  size  of  cylinder  upon  tin 
economy  of  fuel.  It  is  shown  in  these  experiments  that  a  large  engine 
produces  in  matter  of  economy  better  results  than  a  smaller  one  (the 
conditions  being  alike  in  both  cases) ;  yet  it  should  not  he  accepted  as  a 
fact,  that  it  is  impossible  to  obtain  quite  as  good  results  from  a  small 
engine  as  a  larger  one.  Several  months  ago,  an  enginewith  a  cylinder  6.5 
inches  diameter  and  7  inches  stroke,  was  reported  as  exhibiting  an  econ- 
omy equivalent  to 2. 93  pounds  of  coal  per  indicated  horse-power  per  hour. 
The  engine  was  built  by  the  Haskins  Machine  Co.,  and  operated  by  the 
contractor  for  the  Brookline  Waterworks,  at  Brookline,  Mass.,  in  driv- 
ing a  centrifugal  pump  in  the  pits;  the  steam-chest  containing  the  bal- 
anced piston  valve  served  to  partially  jacket  the  cylinder;  the  recorded 
duty  was  20.71  11.  1'.,  upon  a  consumption  of  1  161  pounds  of  coal 
per  '24  hours. 

The  fifth  point  covers  the  economy  as  influenced  by  the  steam  pres- 
sures ;  the  writer  fully  concurs  with  Mr.  Emery  upon  this  point,  except- 
ing as  to  the  comparison  of  the  compound  with  single  engine. 

The  sixth  point  relates  to  the  most  economical  period  of  cut-off;  owing 
to  a  lack  of  experimental  information,  consideration  of  this  is  omitted  in 
the  discussion. 
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ON    KAILS.* 

Me.  Alexander  L.  Holley. — There  are  various  matters  in  the  Report 
on  Kails  that  I  would  like  to  hear  more  fully  explained,  and  I, regret  that 
Mr.  Welch  is  not  here  to  take  part  in  the  discussion.  As  he  is  not,  I  will 
confine  my  remarks  to  one  branch  of  the  subject. 

Let  me  premise  by  saying  that  because  I  happen  to  be  interested  in 
the  manufacture  of  rails,  I  hope  it  will  not  be  inferred  that  I  shall  neces- 
sarily oppose  all  forms  and  kinds  of  rails  that  are  not  easy  to  make.  The 
general  experience  in  rolling  mills  is  that  there  is  more  margin  of  profit 
on  an  equal  output  of  complex  and  difficult  forms,  than  of  simple  and 
easy  ones.  Eailway  companies,  in  the  long  run,  pay  for  the  difficult 
shapes  they  caU  on  rail-makers  to  produce,  and  the  rail-makers,  satisfied 
that  profits  must  average  about  the  same  for  long  periods,  would  as  will- 
ingly make  complex  shapes — when  they  become  standard — as  simple  ones. 
This,  I  hope,  answers  the  implication  that  rail-makers  fight  everything 
but  what  is  easily  produced. 

Kails  with  very  thin  flanges  are  advocated  in  the  reports.  Flanges 
iVinch  thick  at  the  edge  are  used,  and  ^-inch  is  said  to  be  sufficient  to 
meet  all  engineering  requirements.  Now,  there  are  also  metallurgical  re- 
quirements, and  on  this  subject,  in  default  of  more  facts,  I  shall  confine 
myself  to  a  theoretical  statement  supported  by  analogy,  simply  to  show 
railway  managers  that  there  is  enough  in  these  to  warrant  further  atten- 
tion and  research.  It  will  be  admitted  that  the  head  of  a  rail,  both  as  a 
support  and  bearing  for  wheels  and  as  the  top  chord  of  a  girder  to  resist 
compression,  should  be  hard,  while  the  base  to  resist  tensional  stress, 
should  be  tough,  and  to  be  tough  it  must  be  comparatively  soft.  As  both 
hardness  and  softness  are  required,  a  homogeneous  rail  must  possess  a 
compromise  between  these  two  qualities.  Many  of  the  early  steel  rails 
wore  much  longer  than  those  of  the  modern  temper,  but  the  very  hard- 
ness which  increased  their  wearing,  decreased  their  toughness  and  al- 
lowed them  to  break.  After  a  vast  amount  of  observation  and  experi- 
menting, we  have  at  last  settled  on  0.35  to  0.4  per  cent,  of  carbon  with  the 
usual  average  of  other  hardening  elements,  as  a  proper  compromise,  and 
the  complaint — true  if  not  just — now  is,  that  rails  do  not  wear  as  well  as 
the  old  brittle  ones  did. 


*  Referring  to^LXXXVIII  and  CX,  Reports  on  the  Form,  Weight,  Manufacture  and  Life 
of  Rails,  A.  Welch,  Chairman  of  Committee,  Vol.  Ill,  page  87  and  Vol.  IV,  page  136  ;  Me- 
moir on  Rails,  A.  Welch,  Vol.  Ill,  page  107,  and  LXXXIX,  Weight  of  Rails  and  Breaking  of 
Iron  Rails,  0.  Chanute,  Vol.  Ill,  page  111. 
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Irou  rails  are  always  expected  to  be  tough  and  fibrous  in  the  flange 
and  may  be  weak  and  brittle  in  the  head,  if  they  arc  only  hard.  Nicking 
the  flanges  of  steel  rails  is  generally  abandoned  and  rails  having  any 
perceptible  imperfection  on  the  flange  are  thrown  out ;  thus  it  appears 
that  the  chief  feature  in  the  manufacture  and  treatment  of  rails  is  to  in- 
crease and  insure  the  strength  of  the  flange,  even  when  done  at  the 
expense  of  reducing  the  wearing  qualities  of  the  head.  Now  what  shall 
be  said  of  an  exactly  opposite  course;  of  a  specification  for  rails  which 
increases  the  brittleness  <>f  the  flange  w  ithout  helping  the  wearing  quali- 
ties of  the  head  ?  My  theoretical  charge  againsi  the  advocates  of  exces- 
slvely  thin  flanges  is,  that  they  do  this  very  thing. 

When  a  3te<  I  rail  with  such  flanges  is  rolled,  however  fast,  even  at  the 
rate  Hi'  L5  passes  in  1  minutes,  the  flange  will  come  ou<  of  the  last  pass 
at  a  dark  cherry-red,  while  the  head  is  at  a  reddish  yellow.  Now  we 
know  that  rolling  or  hammering  steel  at  a  dark  cherry-red  heat,  tends  to 
combine  the  graphitic  carbon  and  to  that  extent,  to  make  the  metal  hard 
and  brittle.  This  is  so  true  and  well  understood  that  no  steel  plate  maker 
would  put  unannealed  boiler  plates  in  the  market,  and  no  boiler  maker 
would  be  allowed  to  use  unaunealctl  plates  containing  as  much  carbon  as 
0.15  per  cent.  Annealing  makes  the  carbon  graphitic,  removes  strains, 
and  softens  the  steel.  Now  the  plate  is  finished  hotter,  if  anything,  than 
the  flanges  of  the  rail — it  is  all  finished  at  the  -.nine  heat,  contains  less 
than  half  as  much  carbon  as  rail  steel  lias,  is  not  subjected  to  impact  in 
use,  ;lnd  yet  it  must  he  softened.  But  the  rail  flange,  which  from  its 
temper  and  its  treatment  is  much  more  likely  to  break,  we  are  told 
should  be  made  of  such  a  form,  that  it  must  inevitably  be  hardened  in 
finishing  and  go  into  use  with  all  its  imperfections  not  on  its  head  but  in 
its/bo/.  Perhaps  there  is  some  special  providence  which  excludes  rails 
from  the  general  laws  that  govern  the  behavior  of  steel  in  other  forms. 
If  so,  it  is  important  to  know  it.  on  some  more  scientific  ground  than  the 
fact  that  a  great  many  thin-flanged  steel  rails  have  not  as  yet  broken. 

1  do  not  attempt  to  say  positively  that  the  temperature  at  which  the 
flange  finishes  has  anything  to  do  with  the  strength  of  the  rail.  Perhaps 
it  is  true,  as  stated  squarely  in  the  reports,  that  a  rail  generally  breaks, 
not  from  weakness  of  the  base,  but  from  injury  to  the  head.  My  chief 
object  at  this  time  is  to  ask  railway  engineers  whether  or  not  this  subject 
is  worthy  of  further  consideration  and  experimenting,  and  if  so,  what 
tests  will  lie  satisfactory. 
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The  subject  is  a  difficult  one.  Two  rails  with  different  thickness  of 
flange  and  otherwise  alike,  cannot  be  fairly  compared,  because  their 
weight  and  the  position  of  the  neutral  axes  are  not  the  same.  Two  other 
methods  occur  to  me.  One  is  to  anneal  a  number  of  thin-flanged  rails, 
and  to  subject  these  and  a  similar  number  of  un annealed  rails  to  physical 
tests.  This  might  not  be  deemed  satisfactory,  as  the  whole  of  the  an- 
nealed rail  would  be  toughened  and  its  resistance  to  wear  would  be  de- 
creased. The  other  method  is  to  stop  a  number  of  thin-flanged  rails 
before  the  last  pass  in  the  rolls,  and  to  stop  another  lot  before  the 
last  two  passes,  and  perhaps  to  pursue  the  course  farther.  These  rails 
thus  stopped  off  are  to  be  reheated  to  as  nearly  as^  possible  the  color 
the  head  had  when  it  was  last  in  the  rolls,  and  then  to  receive  the  last 
pass  or  passes.  The  flanges  and  heads  would  thus  be  finished  at  substan- 
tially the  same  temperature.  A  large  number  of  tests  of  these  and  or- 
dinary rails  from  the  same  casts  of  steel,  would  perhaps  not  give  the 
exact  difference  in  strength,  but  if  there  were  a  marked  difference  in  their 
toughness,  the  question  of  extremely  thin  flanges  would  be  settled. 

If  there  is  anything  in  the  theory,  as  I  will  call  it,  that  strength  is  de- 
creased by  the  comparatively  cold  rolling  of  thin  flanges,  then  the  de- 
signers of  flanges  have  in  their  hands  one  element  of  wearing,  as  well 
as  of  the  other  qualities  of  rails  ;  for  the  amount  of  carbon  the  i'<  ><  it 
may  have,  determines  that  which  the  head  must  not  exceed.  If  the  car- 
bon in  the  foot  is  in  such  combination  as  to  give  more  than  the  minimum 
degree  of  brittleness,  then  very  little  carbon  can  be  put  in,  but  if  it  is  in 
a  condition  to  interfere  in  the  least  possible  degree  with  toughness,  then 
more  may  be  put  in,  and  so  the  wearing  qualities  of  the  head  be  increased. 

It  is  most  desirable  to  have  the  profession  decide  whether  or  not, 
these  or  any  tests  of  this  matter  will  be  satisfactory,  before  such  tests  are 
made.  It  would  be  unwise  to  go  to  the  great  expense  of  a  properly  large 
number  of  such  experiments,  and  then  to  have  engineers  say  that  these 
were  not  conclusive.  I  have  no  doubt  that  ways  and  means  can  be  soon 
provided  to  settle  this  most  important  and  most  unsettled  question,  if  the 
profession  will  decide  what  tests  will  be  satisfactory. 

Mr.  William  Metcalf. — I  was  much  interested  in  the  preceding  re- 
marks on  the  subject  of  rails,  especially  as  I  am  engaged  in  the  manufac- 
ture of  steel  and  have  given  considerable  study  to  it. 

I  agree  with  what  has  been  said  in  regard  to  making  flanges  so  thin 
as  to  change  the  nature  of  the  carbon  in  the  steel,  thereby  rendering  the 
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metal  very  brittle  ;  at  the  same  time  I  cannot  accept  the  statement,  that 
toughness  and  softness  go  together  ;  there  is  a  limit  to  the  relation  be- 
tween these  qualities,  and  the  rail  may  be  made  so  soft  in  the  flange  that  it 
will  not  have  that  degree  of  toughness  necessary  to  withstand  the  maxi- 
mum tension  and  vibratory  strain;  in  order  to  make  the  rail  hard  enough 
to  resist  these  the  flange  must  be  thicker,  so  that  the  metal  shall  be  soft 
and  free  from  injurious  strains. 

I  have  bad  experience  with  fire  box-steel  and  boiler  plates,  and  I 
think  the  only  plan  that  is  sate  for  the  engineer  to  adopt  in  regard  to  the 
former  is  that  it  be  so  soft  as  not  to  need  annealing.  A  plate  that  has 
sufficient  carbon  in  it  to  require  annealing  before  it  can  be  safely  used 
will  become  very  bard  in  the  boiler  and  eventually  crack  from  that  cause. 
The  safe  rule  is.  that  if  heated  to  a  white  heat  and  plunged  into  cold 
water  the  plate  does  not  anneal,  it  is  too  hard  to  use  in  a  fire-box  ;  I  have 
known  fire-box  steel  and  boilerplates  which,  when  annealed,  could  be 
bent  over  cold  ami  vet  when   put  into  a  boiler,  become  after  two  or  three 

years' use  very  hard  and  then  crack.  To  have  safe  fire-box  and  boiler 
steel  there  should  be  not  enough  carbon  in  it  to  combine  and  in  the 
leasl  harden  the  plate. 

Mb.  Walton  W.  Evans.* — 1  herewith  present  to  the  Society  two 
pieces  of  rail  (one  trickled,  the  other  plain,  just  as  cut  from  the  rail),  as 
specimens  of  what  we  may  call  an  historical  rail  ;  they  are  cut  from  one 
of  the  first  flat-footed  rails  ever  rolled,  which  was  designed  in  1830 by 
Robert  L.  Stevens  of  New  Jersey,  for  the  Camden  &  Amboy  II.  R. — was 

rolled  in  1831  and  laid  in  1832.      Many  of  tins,'  rails  I    saw  laid. 

I  bring  this  to  the  attention  of  the  Society  chiefly  to  show  that  Mr. 
Stevens  was  the  designer  and  originator  of  the  flat-footed  rail,  a  rail  now 
known  throughout  ali  Europe  as  the  "  Vignoles"  rail.  As  the  flat-footed 
rail  has  been  adopted  by  every  country  in  the  world  but  England,  we 
should  give  the  credit  to   whom   it  undoubtedly  belongs. 

This  original  "Camden  .V  Amboy"  rail  is  worthy  of  some  atten- 
tion on  account  of  its  superior  quality,  some  of  these  rails  having  done 
service  in  the  main  track  for  about  20  years  and  an  additional  service 
in  side  tracks  for  20  years  more;  but  this  particular  rail,  pieces  of 
which  I  send,  has  not  seen  such  service,  although  it  is  so  reported  by 
Mr.  Frank  Thomson,  General  Manager  of  the  Pennsylvania  Railway.     I 

*  From  a  communication  of  May  24th,  1875,  read  by  the  Secretary. 
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was  informed  some  rears  since  by  the  locomotive  superintendent  of  the 
Camden  &  Amboy  R.  R.,  that  the  quality  of  iron  in  these  rails  is  so 
good,  that  when  a  hundred  tons  of  good  bar-iron  were  wanted,  some  of 
them  were  taken  from  the  track  and  rolled  into  bar-iron. 

Another  point  worthy  of  notice  in  the  design  of  this  rail  and  carried 
•out  in  construction,  is  that  it  had  the  first  approach  to  the  "fish-plat.."' 
now  in  general  use  ;  the  ends  of  the  rails  had  each  one  bolt-hole  and 
were  connected  by  bolts  and  plates,  which  differed  only  from  the  fish- 
plates of  the  present  day  by  having  one  holt  instead  of  two  in  each 
end  of  each  rail.  This  end  plate  or  connecting  link  is  shown  in  the 
original  design  of  Mr.  Stevens,  in  the  circular  he  addressed  to  the  mill 
owners  of  England  in  1830.*  This  original  design  shows  it  was  intended 
to  have  a  bulge  or  widening  of  the  lower  flange  every  two  feet,  where  it 
rested  on  a  sleeper,  but  as  there  were  mechanical  difficulties  in  the  way 
of  rolling  this  rail,  Mr.  Stevens  altered  the  design  to  the  pattern,  of  which 
pieces  are  sent. 

OX    RAILWAY    SIGNALS,  f 

Mr.  Chaeles  H.  Fishee. — I  believe  the  Society  has  taken  up  no 
subject  for  the  consideration  of  winch  it  will  receive  fewer  thanks  than 
this  of  railway  signals.  Superintendents  and  other  officers  engaged  in 
operating  railroads  are  generally  wedded  to  the  systems  of  signaling  in 
use  upon  the  roads  where  they  received  the  rudiments  of  their  railway 
education,  and  they  generally  are  reluctant  to  admit  that  other  roads 
have  better  systems.  This  report  upon  Railway  Signals  is,  in  reality,  the 
report  of  the  Chairman  of  the  Committee,  Mr.  J.  Dutton  Steele.  To 
him  alone  is  due  the  credit  of  preparing  an  aide  and  instructive  paper. 

There  is  one  idea  presented  in  it  which  is  especially  worthy  of  the 
consideration  of  railway  managers.  It  is  contained  in  the  following  : 
"It  is  not  until  the  expansive  powers  of  signaling  have  been  exhausted 
that  additional  tracks  need  be  laid,  and  it  is  thus  that  this  branch  of 
railroad  service  becomes  an  important  element  of  economy  and  a  means 
of  avoiding  large  outlays  of  capital.  "J  Perhaps  if  this  view  had  been 
better  understood  the  railway  interests  of  the  country  would  not  have 
been  in  their  present  prostrate  condition.  In  presenting  this  one  idea, 
and  in  impressing  it  upon  the  capitalists  who  manage  our  railways,  I  feel 

*  A  photo-printed  copy  of  which  was  presented. 

t  Referring  to— CXII,  Railway  Signals,  a  Report  by  J.  Dutton  Steele,  Chairman  of  Com- 
mittee, page  117.  t  Page  160. 
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that  we  are  doing  much  in  return  for  the  courtesies  which  the  Society 
has  received  from  railway  managers. 

Mb.  J.  Dutton  Steele. — I  have  little  to  say  upon  this  subject 
beyond  what  is  expressed  in  the  report,  but  wish  to  acknowledge  valu- 
able aid  from  Messrs.  Chanute  and  Fisher,  notwithstanding  the  modest 
disclaimer  of  the  latter.  I  am  aware  that  it  is  a  dry  subject,  not  likely  to 
claim  much  attention  from  the  Society,  as  it  yet  has  not  done  from  the 
railway  interests  of  our  country  or  from  the  general  public,  but  it  is  not 
on  that  account  the  less  important. 

It  has  been  intimated  that  engineers  treating  this  subject  may  be 
encroaching-  upon  the  prerogative  of  railway  superintendents.  If  it  is 
their  prerogative  to  conduct  trains  safely  over  the  rails.  I  can  onlj 
that  they  have  failed  in  many  cases  to  fulfill  the  requirements  of  their 
trust,  as  scarcely  a  week  passes  that  is  not  recorded  some  serious  acci- 
dent causing  destruction  of  property,  which  could  have  been  avoided  by 
a  well  devised  system  of  signals.  Superintendents  will  be  as  ready  as 
engineers  to  avail  themselves  of  any  practical  value  that  there  may  be  in 
the  report;  but  if  it  is  without  merit  it  will  make  little  impression  upon 
them  or  the  profession.  If,  however,  its  effect  is  to  turn  the  attention 
of  our  railway  management  at  large  to  the  subject,  the  labor  spent  in 
its  preparation  will  have  been  sufficiently  compensated. 

Mi:.  William  P.  Siiinn. — Along  time  since,  my  attention  was  called 
to  the  importance  of  so  simple  a  signal  as  the  blast  of  a  whistle.  A| 
doubtless,  remember  what  was  long  known  as  the  "  Nbrwalk  bridge 
accident  "  on  the  New  York  .V  New  Eaven  II.  I!.,  which  caused  probably 
a  greater  loss  of  life  than  any  other  railroad  accident  in  this  country. 
The  evidence  taken  before  the  coroner's  jury  in  the  investigation  of  that 
accident  mainly  turned  upon  whether  the  engineer  blew  one  blast  of  the 
whistle  or  two;  on  this  railroad,  at  this  time  (and  perhaps  yet,  for  all 
that  I  know),  the  danger  signal  was  two  blasts  of  the  whistle,  while  on 
most  roads  in  this  country  it  is  one.  The  engineer  and  one  or  two  other 
persons  testified  that  there  were  two  blasts  of  the  whistle  given.  The 
brakesmen  (at  that  time  hand-brakes  entirely  were  relied  on)  testified  they 
heard  but  one,  which  to  them  was  a  signal  of  safety,  Avhereas  the  signal 
intended  to  be  given  was  that  of  the  greatest  possible  danger.  "When  the 
engineer  discovered  that  the  draw  was  open,  the  time  was  necessarily 
short.  He  had  a  long,  heavy  train  running  at  a  pretty  rapid  rate  (for 
the  rule  to  stop  a  train  before  passing  on  to  a  drawl  >ridge  was  not  yet 
adopted),  and  in  his  effort  to  give  the  signal  with  the  least  possible  loss 
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of  time  he  evidently  made  so  short  an  interval  between  the  blasts  that, 
with  the  motion  of  the  train,  the  sound  waves  were  carried  together  and 
reached  the  ears  of  the  brakesmen  as  one  continuous  blast,  meaning 
safety.  It  seemed  evident  to  me  that  it  was  a  comparatively  easy  matter, 
under  the  circumstances,  to  mistake  two  blasts  for  one,  while  it  would  be 
very  difficult  to  mistake  one  blast  for  two  ;  surely  it  was  illogical  to  use 
for  danger  a  form  of  signal  which  to  make  required  twice  and  probably 
thrice  the  length  of  time  that  the  shortest  signals  which  could  be  used  in 
cases  of  the  most  imminent  danger,  would  need.  Fortunately,  we  do  not 
depend  upon  the  whistle  so  much  now  as  formerly,  but  that  single 
instance  of  what  appeared  to  be  a  slight  mistake  in  the  manner  of  making 
an  important  signal  caused  a  great  loss  of  life  and  destruction  of 
property. 

Mr.  Charles  Paine. — The  valuable  Report  on  Signals  wiU  commend 
itself  to  eveiy  one  by  the  information  it  contains  ;  so,  not  stopping  to 
compliment  the  committee  for  its  work,  I  will  briefly  remark  what  occurs 
to  me,  as  adding  to  the  matter  contained  in  the  report.  Several  years 
ago,  the  Franklin  Institute  appointed  a  Committee  on  Railway  Signals, 
and  an  elaborate  report  was  published  in  the  Journal  of  that  Society, 
containing  excellent  recommendations,  and  also  some  suggestions  of 
departures  from  what  is  now,  if  not  then,  general  practice  ;  particularly 
in  whistle  signals,  if  I  remember  rightly.  I  have  not  the  report  to  refer 
to.  The  third  volume  of  the  Reports  of  the  Railroad  Commissioners  of 
Massachusetts,  contains  the  code  of.  signals  and  general  regulations 
recommended  for  adoption  upon  the  railways  of  that  state. 

Before  uniformity  in  signals,  so  very  much  to  be  desired,  can  be 
secured,  there  must  be,  as  there  is  not,  some  association  of  officers  of 
railways  with  power  to  adopt  a  system  ;  or  there  must  be  framed  by 
some  competent  body  (as  this  Society,  for  instance)  a  complete  code,  as 
nearly  in  harmony  with  present  practice  as  possible,  which  shall  recom- 
mend itself  to  the  majority  of  railway  managers,  after  receiving  the 
endorsement  of  such  body.  The  report  made  by  Mr.  Welch  lias  been 
adopted  by  several  associations  of  superintendents  ;  yet,  while  it  has  in- 
culcated sound  general  principles,  it  has  not  secured  uniformity. 

The  committee  has  done  good  service  to  American  engineers  by 
reproducing  the  best  part  of  the  plates  in  Mr.  Rapier's  expensive  volume, 
and  by  recommending  the  substantial  switch  frame  and  signal  figured  by 
him  ;  but  for  economical  or  poor  roads,  nearly  all  the  advantages  of  that 
signal  may  be  had  with  the  ordinary  crank  switch,  of  which  the  standard 
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is  lengthened  to  stand  7  or  8  feet  above  the  tnu-k,  surmounted  by  a  lamp; 
and  with  targets  fixed  to  ndard.     I  am  acquainted  with  some  of 

these  which  have  been  in  use  fifteen  rears,  and  did  not  c<»st  at  first  over 
•&20.  If  tht-  .stem  upon  which  the  lamp  sits  is  made  broad  in  one  direc- 
tion and  narrow  in  the  other,  there  can  be  no  failure  or  mistake  in  the 
signal. 

The  report  intimates  that  we  shall  probably  be  compelled,  as  the 
English  have  been,  to  adopt  at  busy  stations  the  system  of  working 
many  switches  and  signals  from  one  box.  In  the  southern  parts  of  the 
country  it  maybe  practicable  to  use  Rapier's  or  Siemen's  systems,  but  in 
the  northern  part  of  the  United  States,  where  the  thermometer  i. 
from  rain  to  20  ,  sometimes  within  six  hours,  it  appears  to  me  it  will  be 
impossible  to  arrange  the  bell  cranks  and  gas-pipe  conm  ctions  in  such  a 
way  thai  they  can  be  used  during  the  winter  months.  Probably  we  must 
employ  switch  tenders  nearer  to  the  switches,  directing  them  perhaps  by 
means  of  telegraphic  signals  s<  nt  from  one  signal  office  for  each  yard. 

It  will  be  of  very  great ' advantage  if  signals,  a  ginesf 

can  be  successfully  employed.  Engine-men  do  relax  vigilance,  do  go  to 
sleep,  as  railway  managers  know  :  besides,  in  snow  storms  or  in  fog,  when 
the  signals,  which  i  re  Mem  rally  right,  cannot  be  seen,  they  will  take  th< 
chances.      \\'c  may  think  it  surprising,  but  they  <1 

I  regret  to  read  in  the  report,  "  Railway  grade  crossings  will  be  free 
from  accident  if  guarded  1>\  signals  which  Mock  oneway  while  they  open 
the  other."  This  is  surely  a  great  mistake,  and  affords  an  encouragement 
to  the  construction  of  grade  crossings  of  one  railway  by  another,  which  I 
sure  could  not  have  been  intended.  With  an  experience  of  many 
years,  extending  to  about  forty  such  crossings.  I  declare  them  the  most 
dangerous  and  costly  of  all  contrivances  which  have  been  suggested  to 
avoid  expense.  Trains  approaching  these  at  considerable  speed,  or  at 
any  speed,  are  likely  to  make  a  miscalculation  of  distance,  especially  at 
night;  the  signal-man  may  change  the  signal  in  the  face  of  a  moving 
train,  not  seeing  the  other— which  has  occurred.  The  consequence  of 
mistakes  of  this  kind  may  be  left  without  description. 


ON    RAPID   TRANSIT    IN    DARGE    CITIES.* 

Mb.   Richard  H.  Buel. — In  preparing  the  Report  on  Rapid  Transit, 
the  committee  rightly  judged  that   one  of  the  most  important  questions 

*  Keferring  to— CVI,    Rapid   Transit  and  Terminal    Freight  Facilities,    a  Report  by  0 
Cb.au ute,  M.  N.  Forney.  A.  Welch,  C.  K.  Graham  and  F.  Collingwood— (Part  I.) — page  2. 
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to  be  answered  is,  how  much  can  profitably  be  spent  in  constructing 

a  rapid  transit  road  ;  consequently  much  time  and  labor  were  devoted  to 
its  solution,  and  the  committee  came  to  this  conclusion,  that  the  amount 
to  be  expended  for  the  construction  and  equipment  of  a  rapid  transit 
road  should  not  exceed  from  $700  000  to  $1  125  000  per  mile  of  double 
track,  according  to  location,  and  state  that  "this  points  to  some  form  of 
elevated  road  as  the  leading  feature  of  the  design  to  be  recommended."* 

It  may  be  worth  while  to  consider  briefly  the  steps  by  which  this  con- 
clusion was  reached.  The  committee  assumes  :  First,  that  cars  on  a 
rapid  transit  road  need  only  weigh  hall  as  much  as  those  in  use  ou  ordi- 
nary railroads.  Second,  that  the  best  form  of  train  is  one  consisting  of  3 
cars  and  a  locomotive,  each  car  having  seats  for  4s  passengers.  Third, 
that  the  maximum  capacity  of  a  double  track  road  is  about  30  000  000 
passengers  per  annum.  With  these  assumptions,  two  members  of  the 
committee  made  independent  calculations  and  obtained  these  results. 

Calculation  No.  1. — Number  of  passengers  carried  per  annum. 
31 1  000  000,  occupying  45  per  cent,  of  the  seating  capacity  of  the  trains ; 
operating  expenses  per  train  mile,  $0.3926  ;  profit  to  be  realized  on 
the  investment,  8  per  cent.  Under  these'  circumstances,  $700  000  can 
be  invested  in  the  construction  and  equipment  of  a  rapid  transit  road, 
if  the  rate  of  fare  is  5  cents,  and  $1  125  000,  if  the  rate  is  6  cents. 

Calculation  No.  2. — Number  of  passengers  carried  per  annum, 
27  000  000  to  35  000  000.  occupying  431  per  cent,  of  the  seating  capacity 
of  the  trains;  rates  of  fare.  5  cents  local,  10  cents  through:  opei'atine- 
expenses  per  train  mile.  $0.50  :  profit  to  be  realized  on  the  invest- 
ment, 8  per  cent.  Under  these  circumstances,  8700  000  can  be  in- 
vested in  the  construction  and  equipment  of  a  double  track  road,  if  the 
profits  are  applied  as  uniform  dividends  on  the  amounts  expended 
for  each  part  of  the  road — and  81  125  000  if  25  per  cent,  of  the  profits 
are  allotted  as  a  dividend  on  the  amount  expended  on  one  half  of  the 
road,  and  75  per  cent,  on  the  amount  expended  on  the  remaining 
portion. 

Of  these  results,  the  committee  says:  "Although  carried  on  by  some- 
what different  processes,  the  final  computations  agreed  so  closely  as  to 
give  the  committee  confidence  in  the  approximate  coiTectness  of  the 
estimates.";-  As  a  matter  of  fact,  the  calculations  are  far  from  agreeing, 
as  would  readily  appear  if  the  same  rate  of  fare  or  rate  of  operating  ex- 
penses were  used  in  each,   and    in  the  tables  accompanying  calculation 

i'.'  t  Pag.-  4. 
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No.  1,  where  the  rate  of  fare  is  varied,  results  are  reached  which  are  at 
titter  variance  with  the  conclusion  of  the  committee.  The  reason  of 
this  is  manifest.  A  hundred  independent  calculations,  even  if  they 
agreed  exactly,  would  he  of  very  little  value,  unless  the  assumptions 
on  which  they  were  made,  were  correct — lince  the  single  item  of  length 
of  train,  if  changed  from  3  cars  to  4.  5  or  move,  will  give  results  which 
are  directly  opposed  to  those  stated.  If  another  assumed  element,  the 
rate  of  fare,  is  also  varied,  it  will  he  easy  to  prow:  that  any  proposed 
system  of  construction,  however  i  etly  feasible,  being 

certain  to  return  a  fair  profit  upon  the  investment.  It  does  not  seem, 
their  lore,  that  the  most  important  point  considered  by  the.  committee, 
is  in  the  least  degree  settled  by  its  labors;  the  conclusion  simply 
amounting  to  the  assertion  that  if  the  cost  of  a  rapid  transit  road  is 
very  large,  it  is  prohibitory.  This  appears  to  he  the  result  of  a  radi- 
cally defective  treatment  of  the  subject. 

Probably  the  majority  of  engii rs  will  agree  with  the  statement,  that 

when  a  technical  problem  is  presented  for  solution,  the  first  thin--  to  he 
settled  is  the  object  or  objects  to  he  accomplished,  together  with  the 
means  to  he  employed  in  accomplishing  them.  By  thus  considering  tin' 
matter  in  detail,  a  plan  will  be  formed,  which  will  he  the  best  possible 
under  the  circumstances,  provided  each  detail  is  properly  elaborated. 
The  next  step  will  be  to  determine  the  ens)  of  carrying  out  this  plan,  and 
finally,  the  engineer  should  estimate,  from  the  best  data  at  command. 
the  probable  revenues  to  be  derived,  which  will  give  an  approximate  idea 
of  the  propriety  of  making  the  required  investment.     The  committee. 

it  will  be   observed,  in  treating  the  subject  of    rapid   transit,   reversed   the 

mode  of  proceeding  outlined  above  and  limited  the  amount  to  be  ex- 
pended in  constructing  an  engineering  work  for  which  its  members 
found  it  impossible  to  furnish  a  plan.  It  is  exceedingly  doubtful 
whether,  in  so  doing,  the  committee"  rendered  much  service  to  the  cause 
of  rapid  transit,  or  produced  a  report  that  properly  deserves  the  designa- 
tion of  "admirable,"  bestowed  upon  it  by  the  Society.* 

Mb.  Charles  H.  Fisher. — The  resolution  under  which  the  committee 
reporting  upon  rapid  transit  was  appointed,  was  unfortunately  worded: 
if,  instead,  the  committee  had  simply  been  directed  to  consider  the 
conditions  necessary  to  make  rapid  transit  a  success,  without  any 
reference  to  plans,   the  report  would  love   been  one  that    could  prop- 
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erly  have  been  adopted.  The  committee  was  evidently  of  that  opinion 
as  it  did  not  see  fit  to  present  any  plan  ;  therein  I  think  a  wise  course  was 
pursued.  The  report  is  a  valuable  one  and  is  worthy  of  much  considera- 
tion. I  hope  it  may  receive  the  attention  of  the  Society  that  it  merits, 
and  at  this  meeting  there  will  be  a  general  expression  of  views  upon  it. 

Mr.  J.  Dutton  Steele. — Although  not  a  resident  of  New  York,  I  have 
taken  an  interest  in  the  subject  of  rapid  transit,  and  desire  to  express  my 
high  appreciation  of  the  report  and  of  the  good  effects  which  will  result 
from  it.  The  committee  has  done  its  work  well,  and  in  a  more  extended 
way  than  should  be  expected  from  a  labor  entirely  gratuitous.  The 
report  will  be  found,  I  think,  to  have  done  much  towards  settling  the 
public  mind  upon  a  selection  from  a  few  of  the  best  devices,  instead  of 
the  almost  endless  variety  of  impracticable  projects  which  for  the  last  ten 
years  have  been  pressed  upon  the  attention  of  the  people.  It  has  also 
made  clear  not  only  the  practicability  but  the  importance  of  an  improve- 
ment of  this  character,  and  has  indicated  the  prospects  of  revenue  which 
capitalists  may  expect  to  derive  from  their  investments  in  it. 

Although,  as  I  have  intimated,  I  deem  this  subject  local  to  the  city  of 
New  York,  and  one  in  which  I  have  taken  only  an  incidental  interest,  I 
will,  however,  refer  to  some  of  the  general  principles  which  should  govern 
the  arrangements  for  rapid  transit  (as  it  has  become  technically  called),  or 
the  movement  of  passengers  and  packages  from  the  business  centres  to 
the  suburban  districts  of  our  large  cities,  the  discussion  of  which  has  been 
agitating  the  city  of  New  York  for  several  years. 

There  have  been  various  schemes  for  underground  railroads,  some  for 
sunken  railroads,  and  not  a  few  for  railroads  elevated  above  the  ordinary 
travel  of  the  streets.  It  is  well  known  to  those  who  are  familiar  with  the 
topography  of  New  York,  that  it  is  not  at  all  suited  to  underground  pro- 
jects, owing  mainly  to  the  low  depression  which  crosses  the  city  from  the 
North  to  the  East  rivers,  in  which  there  was  formerly  a  canal,  and  the 
level  of  which  is  but  little  above  the  level  of  tide.  Another  objection  to 
tunneling  under  the  city  is  the  complication  and  extent  of  the  conduits 
for  drainage  and  of  the  water  and  gas-pipes. 

Many  as  are  the  advantages  of  our  republican  form  of  government,  it 
does  not  conduce  to  system  in  municipal  devices,  as  the  frequent 
changes  in  administration  are  too  apt  to  bring  with  them  changes  in  the 
plans  of  public  works,  and  it  might  therefore  be  difficult  to  anticipate 
the  amount  of  obstruction  that  would  be  met  with  under  ground,  from 
this  cause. 
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Tt  would  seeni,  consequently,  that  the  elevated  system  is  the  best 
adapted  to  the  capabilities  and  wants  of  New  York.  It  should  be  raised 
above  the  street  travel,  and  int  arfere  as  little  as  possible  with  the  streets 
in  the  lower  part  of  the  city,  which  we  all  know" are  wry  much  obstructed 
by  the  demands  that  arc.  even  at  the  present  day.  made  upon  them  to 
accommodate  the  street  travel  ;  and  on  this  point  the  committee  has 
clearly  and  correctly  set  forth  an  opinion.  As  regards  the  plan  for  ibis 
elevated  railroad.  I  think  engineers  will  generally  agree  that  some  light 
iron  structure,  probably  of  the  lattice  character,  resting  upon  iron 
columns  arranged  along  the  curbs,  will  prove  the  cheapest  and  best 
arrangement;  but  this  Society  may  not,  with  propriety,  enter  upon  the 
consideration  of  the  details  of  such  plans,  nor  do  I  desire  to  discuss 
them. 

The  question  of  location  is  one  for  the  city  to  decide  upon,  and  the 

ns  should  be  arranged  by  the  engineers  —of  whom  there  are  enough 

here  and  elsewhere  who  can  satisfactorily  settle  all  questions  of  local 

adaptation. 

As  regards  the  question  of  gauge,  1  believe  the  committee  has  recom- 
mended the  adoption  of  our  general  railroad  gauge  of  1  feet  N_  inches. 
and  1  have  some  doubts  as  to  the  correctness  of  the  views  presented  in 
the  report  upon  this  point  ;  whilst  a  railroad  in  the  air  should  with  great 
care  ami  caution  be  provided  with  ample  strength,  and  be  thus  secured 
not  only  against  fracture  but  against  vibration,  it  should,  at  the  same 
time,  lie  as  Light  as  is  consistent  with  such  security,  and  should  with 
equal  care  and  caution  be  guarded  against  the  possibility  of  being  sub- 
jected to  strains  beyond  the  current  wants  of  the  traffic  it  is  designed  to 
accommodate.  If  the  gauge  should  be  3  feet,  instead  of  1  feet  8j  inches, 
the  weight  of  rolling  stock  would  be  reduced  one-third,  and  in  (lie  same 
proportion,  the  weight  and  strength  of  the  structure.  In  a  structure  of 
such  extended  length  as  that  which  is  proposed  in  New  York,  this  saving 
in  outlay  would  be  very  large,  and  there  can  lie  no  doubt  but  that  a  3-foot 
gauge  would  be  wide  enough  for  all  the  requirements  of  city  passenger 
and  package  traffic.  If  I  understand  the  report,  the  wider  gauge  is  pro- 
posed, that  the  cars  from  the  main  railroads  entering  the  city  may,  if 
occasion  requires  it,  be  passed  over  the  elevated  road  ;  has  the  committee 
considered  the  necessary  increase  in  the  weight  and  cost  of  the  structure 
which  such  an  occasional  or  possible  accommodation  of  the  wider  cars 
will  involve  V  The  accommodation  of  the  wider  cars  cannot  safely  be 
provided  for  with  anything  short  of  the  full  strength  of  the  wide  gauge 
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road,  -which  not  only  involves  a  large  increase  in  the  original  cost,  but 
also  an  increase  in  the  weight  of  the  rolling  stock  and  in  the  current  cost 
of  working.  One  of  the  strongest  reasons  for  a  narrow  gauge  is,  that  it 
will  debar  the  -wider  cars  from  getting  upon  it  and  therefore  they  need 
not  be  provided  for.  It  seems  to  me  that  the  question  of  gauge  is  worthy 
of  careful  consideration,  and  that  the  occasional  transhipment  which  the 
narrow  gauge  would  involve,  is  of  minor  importance  compared  with  that 
of  lightness,  safety  and  economy  of  working. 

I  will  add  one  more  thought  on  this  subject  of  rapid  transit  upon 
elevated  railroads  in  our  large  cities,  and  that  is  the  question  of  fires. 
Conflagrations  will  take  place  upon  the  streets  along  which  these  roads 
pacs.  and  the  structures  will  become  warped  by  the  heat  from  adjacent 
burning  buildings  and  rendered  temporarily  unfit  for  use.  It  will  be  for 
the  engineer,  in  arranging  his  plan,  to  bear  this  in  mind,  and  to  guard, 
as  far  as  possible,  against  the  injurious  effects.  With  this  view  it  will 
probably  be  found  desirable  to  exclude  cast-iron,  which  would  become 
fractured  by  the  heat. 

Me.  William  H.  Seaeles. — In  reading  the  report  of  the  Committee 
on  Rapid  Transit,  I  was  struck  with  the  remark  that  the  subject  stands 
to-day  much  in  the  same  position  as  did  the  modern  railway  before 
Stephenson  accomplished  success  on  the  Liverpool  and  Manchester  line. 
The  cases  are  similar  in  this  respect,  that  in  both  instances  the, public- 
need  calls  for  facilities  in  travel  not  furnished  by  existing  methods.  In 
Stephenson's  time  the  demand  was  for  increased  speed  over  long  distances; 
to-day  it  is  for  increased  speed  over  comparatively  short  distances,  com- 
bined with  the  greatest  possible  local  accommodation  to  way  passengers. 
As  he  found  that  the  ordinary  stage-coach  and  horse-power  were  insuffi- 
cient to  meet  the  ends  required,  and  substituted  the  locomotive  and  train 
instead,  so  I  think  it  will  be  found  in  our  day  that  the  locomotive  and 
ordinary  train  are  inadequate  to  solve  the  problem  of  rapid  transit,  and 
we  must  seek  new  devices  in  order  to  win  success. 

There  are  three  prominent  desiderata  in  this  case  :  Speed,  averaging 
not  less  than  12  miles  per  hour  ,•  frequent  stations  and  frequent  trains, 
about  i tli  mile  apart,  and  low  fares,  not  exceeding  5  cents  for  any  dis- 
tance. The  committee  has  intimated  that  in  the  city  of  New  York  any 
rapid  transit  road  must  be  able  to  transport  about  8  400  passengers  per 
hour  in  one  direction,  and  70  trains  of  3  cars  each,  or  42  trains  of  5  cars 
each,  are  suggested,  though  the  rate  of  speed  intended  is  not  stated.  At 
6  miles  per  hour  the  trains  would  be  452  feet  or  754  feet  apart,  and  at 
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12  miles  per  hour,  905  feet  or  1  508  feet  apart,  from  centre  to  centre,  ac- 
cording as  70  or  42  trains  per  hour  were  used.  At  any  speed,  the  70  trains 
would  be  only  51.4  seconds  apart,  and  the  42  trains  85.7  seconds  apart  ; 
so  that  the  building  of  four  tracks  for  the  accommodation  of  trains,  and 
to  avoid  accident,  is  recommended,  thus  doubling  the  cost  of  the  road- 
way at  once. 

Instead  of  this  I  would  suggest  that  the  trains  be  connected  by  a 
series  of  light  unloaded  platform  cars,  winch  will  serve  to  keep  the  pas- 
senger trains  at  uniform  distances  apart,  and  that  the  road  1)'-  built  in  a 
circuit,  so  that  the  train,  as  a  whole,  may  form  a  belt  covering  the  entire 
road.  Not  many  years  ago  the  single  stage-coach  answered  the  purpose 
of  the  traveling  public  ;  then  came  the  locomotive  and  train  of  several 
cars  ;  finally,  for  rapid  transit  we  must  adopt  a  train  absolutely  endless. 
Such  a  train  requires  but  a  single  track  each  way,  does  away  with  all 
•\  3tems  of  block  signals  and  their  substitutes,  while  its  carrying  capacity 
is  practically  unlimited. 

The  committee  has  recommended  that  stations  be  placed  half  a  mile 
apart,  for  the  good  reason  that  it  is  impossible  fora  train  to  stop  at  much 
shorter  intervals  and  yet  maintain  any  desirable  rate  of  average  speed.* 
The  speed  including  stops,  of  the  fastest  trains  on  the  Metropolitan 
Railway  of  London  doesnot  exceed  L5  miles  per  hour,  and  the  usual  speed 
is  12  miles  an  hour,  the  stations  averaging  half  a  mile  apart.  The  aver- 
age speed  on  the  New  York  Elevated  E.E.  is  11.2  miles  per  hour,  with 
stations  averaging  0.42  miles  apart.  Now  if  we  have  eight  stations  to  the 
mile,  it  would  be  physically  impossible  with  ordinary  locomotive  power, 
for  the  trains  to  stop  at  all  of  them  and  yet  maintain  an  average  speed  of 
12  miles  an  hour.  I  have  therefore  to  propose  for  the  endless  train,  that 
it  shall  stop  at  none  of  them.  This  is  but  one  step  in  advance  of  our 
present  progress  in  this  direction.  The  old-fashioned  stage-coach  and 
our  present  street  car  will  stop)  anywhere  to  take  up  or  set  down  a  single 
passenger;  the  accommodation  trains  on  our  steam  roads  stop  only  at 
appointed  stations  a  few  miles  apart  ;  the  special  express  trains  stop 
only  once  in  50  miles,  while  it  is  reserved  for  the  rapid  transit  train  of 
the  future  to  make  no  stops  at  all. 


*  When  stations  are  within  a  quarter  of  a  mile  of  each  other,  a  train  leaving  a  station  has 
no  sooner  acquired— than  it  must  part  with— a  proper  maximum  velocity,  in  order  to  stop  at  the 
next  station  ;  hence  the  average  velocity  is  only  about  one-half  the  maximum,  and  if  we 
reckon  the  time  spent  at  the  station,  the  average  velocity  is  still  further  reduced.  Conversely, 
if  we  assume  a  certain  average  Velocity  including  stops,  as  desirable,  the  maximum  velocity 
•will  necessarily  be  something  like  two  and  a  half  times  this. 
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In  order  to  receive  and  deposit  passengers  under  this  condition  a 
special  device  is  necessary.  This  consists  of  a  small  transfer  car  hold- 
ing say  a  dozen  people  and  running  on  a  track  of  2-foot  gauge  close 
alongside  of  the  mainline.  After  receiving  its  passengers  at  a  station  it 
will  acquire  motion  by  friction-blocks  applied  to  the  train,  and  as  soon 
as  its  velocity  equals  that  of  the  train,  the  passengers  will  step  upon  the 
train  in  perfect  safety.  Others  leaving  the  train  will  then  take  the  trans- 
fer car,  which  is  quickly  brought  to  rest  at  the  next  station.  A  suffi- 
cient number  of  these  transfer  cars  will  accommodate  all  passengers  at 
every  minute  of  the  day,  so  that  there  will  be  no  necessity  for  time- 
tables, and  no  such  thing  as  missing  a  train. 

The  committee  says  very  truly,  that  the  cost  of  the  structure,  in 
case  of  an  elevated  road,  will  depend  largely  upon  the  character  of  the 
rolling  stock  ;  and  as  the  locomotive  is  the  heaviest  vehicle  in  the  train, 
its  weight  determines  the  proper  strength  of  the  structure,  which  it  is 
recommended  should  be  proportioned  for  a  rolling  load  of  1  200  pounds 
per  lineal  foot  of  each  track.  But  in  the  case  of  the  endless  train,  lo- 
comotives are  not  necessary  and  indeed  are  better  dispensed  with,  and 
then  the  maximum  load  will  be  that  of  a  loaded  passenger  car,  which 
need  not  exceed  (5  tons  in  a  length  of  30  feet,  or  448  pounds  per  lineal 
foot,  about  one-third  the  load  suggested  by  the  committee.  The  motive 
power  may  be  supplied  by  stationary  engines,  placed  at  suitable  intervals 
along  the  line,  imparting  motion  to  the  train  by  means  of  driving-wheels 
revolving  on  vertical  axles,  and  pressing  in  pairs  against  the  opposite 
sides  of  an  I  beam,  fixed  underneath  the  centre  of  the  train,  just  below 
the  level  of  the  rails  and  jointed  with  pin  connections  under  the  coup- 
lings. This  is  merely  a  reversal  of  the  ordinary  practice,  for  here 
the  rail  moves  instead  of  the  engine,  while  the  principle  of  traction 
is   the   same. 

The  structure  required  for  the  endless  train  will  then  cost  less  than 
one  designed  for  locomotive  trains,  not  only  by  reason  of  the  lighter  load, 
but  also  because  of  the  continuous  and  moderate  velocity  of  12  or  15  miles 
an  hour  ;  whereas  an  ordinary  train  making  that  average  of  speed,  in- 
cluding two  stops  jier  mile,  would  have  to  acquire  a  maximum  speed  of 
from  23  to  30  miles  an  hour  over  a  part  of  the  distance,  greatly  increas- 
ing the  strain  on  the  structure,  to  say  nothing  of  the  strain  imposed  by 
the  sudden  action  of  the  brakes  at  every  stop.  I  estimate  that  a  struc- 
ture to  support  the  endless  train  will  not  cost  over  $125  000  per  mile. 
The  report  names  #150  000  to  $175  000  as  the  probable'cost  per  struc- 
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ture,  while  if  four  tracks  are  required,  as  undoubtedly  there  would  be, 
these  figures  must  be  doubled,  giving  $300  000  to  $350  000  a  mile  in  one 
direction.  Some  of  the  plans  presented  an  estimate  to  cost  $700  000  a 
mile  for  structure  alone. 

We  have  now  before  us  in  outline  the  main  elements  of  this  scheme, 
which  I  will  here  state  is  but  a  modification  of  the  plan  laid  before  the 
committee  by  Mr.  Alfred  Speer. 

The  committee  affirms,  as  one  condition  of  success,  that  safety  must 
be  secured,  both  in  fad  and  appearance.  This  is  abundantly  provided 
for  in  the  endless  train  by  its  light  weight,  uniform  motion,  and  low  max- 
imum speed.  Collisions  are  impossible,  owing  to  the  continuity  of  the 
train,  and  the  constant  use  of  brakes  being  avoided,  there  can  be  no 
shocks  and  strains  upon  the  rolling  stock  from  that  source.  Tuesearethe 
facts  ;  as  to  appearances,  thej  arc  in  favor  of  the  constantly  moving  train 
evei  present,  as  compared  to  an  occasional  train  suddenly  approaching, 
and  rushing  by  over  head  at  a  high  rate  of  speed. 

This  scheme  then  appears  to  be  well  adapted  to  the  public  require- 
ments, in  respect  to  speed,  safety,  comfort  and  frequent  accommodation  in 
both  stations  and  trains.  I  turn  now  to  consider  whether  it  is  practica- 
ble in  an  engineering  point  of  view,  and  whether  it  will  pay;  for  this 
subject  of  rapid  transit  is  arraigned  before  the  three  tribunals,  of  the  pub- 
lic, the  engineer  and  the  capitalist,  and  no  scheme  can  succeed  which 
does  not  receive  the  approval  of  all  three. 

On  the  endless  road  I  propose  to  place  8  passenger  trains  to  the  mile 
of  .")  cars  each,  making  40  cars  per  mile,  and  to  fill  up  the  intervals  with 
platform  cars.  136  in  number  per  mile.  The  weight  of  the  train  per  mile 
is  estimated  at  700  tons,  including  a  full  load  of  passengers  and  the 
weight  of  the  transfer  cars.  Taking  the  resistance  to  motion  on  a 
straight  level  line  with  a  speed  of  12  miles  per  hour  at  ''>  pounds  per  ton, 
the  total  traction  per  mile  of  train  will  be  4  200  pounds,  and  the  power 
required  will  be  134.4  horse-power.  Allowing  •''.<>  per  cent,  for  engine 
friction,  we  have  175  indicated  horse-power  per  mile  of  train,  which  is 
easily  supplied  by  one  engine.  In  case  of  opposing  grades,  as  the  power 
required  is  greater,  the  engines  should  be  placed  nearer  together,  but  on 
down  grades  they  may  be  further  apart,  so  that  on  the  average  we  may 
consider  them  as  being  one  mile  apart.* 


*  The  duty  of  each  engine  then  will  be  to  move  700  tons  on  a  level  track,  which  is  equiva- 
lent to  the  weight  of  a  locomotive  and  train  of  33  cars.  The  engines,  therefore,  acting  together 
can  operate  the  entire  train  as  rapidly  as  the  ordinary  locomotive  operates  its  trail). 
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Allowing  30  seats  to  such  passengers  car,  tlie  seating  capacity  of  this 
train  is  14  400  per  hour  passing  any  one  point,  while  the  seating  capacity 
of  the  7(1  trains  proposed  by  the  committee  is  only  10  080. 

The  report  suggests  9  000  pounds  as  the  proper  weight  of  a  locomo- 
tive to  haul  3  cars  weighing  when  full,  54  000  pounds,  and  it  gives  1  260 
pounds  as  the  total  tractive  force  necessary.  The  weight  of  engine  and 
train  will  then  lie  28  125  tons  of  2  240  pounds,  and  the  tractive  force  per 
ton  44.8  pounds.  Assuming  a  brake  force  of  150  pounds  per  ton  and  the 
resistance  to  motion  with  a  speed  of  30  miles  an  hour,  at  12  pounds  per 
ton,  and  the  average  resistance  for  lower  speed  at  10  pounds  per  ton.  let 
us  inquire  what  amount  of  work  will  be  done  in  moving  70  such  trains  at 
an  average  speed  of  12  miles  an  hour,  including  two  stops  per  mile.  On 
a  level  straight  road,  the  train  starting  from  rest  will  acquire  a  speed  of 
30  miles  an  horn  in  88  sec<  aids,  in  a  distance  of  0.366  miles;  continuing  at 
this  speed  for  6.5  seconds  it  will  travel  0.054  miles,  and  the  brakes  will  then 
bring  it  to  rest  in  19  seconds  in  a  distance  of  0.08  miles.  The  train  will 
then  have  accomplished  the  half  mile  journey  in  113.5  seconds,  leaving 
36.5  seconds  available  for  a  stop,  since  the  speed  of  12  miles  an  hour  is 
equal  to  half  a  mile  in  150  seconds. 

The  work   done   per  ton  per   half  mile  is 17.06   miles   pounds. 

"        "  '■        "      train  per  mile  is 959.88        "  " 

"        "  "        "       70  trains  per  mile  is 67  192.00        "  *' 

or  the  power  required  is  179  horss-power,  a  little  greater  than  that  re- 
quired for  the  endless  train,  although  the  latter  is  carrying  40  per  cent, 
more  passengers.  It  thus  appears  that  the  endless  train,  notwithstanding 
the  large  proportion  of  dead  weight  carried,  can  be  worked  with  at  least 
as  great  economy  of  power  as  the  system  of  trains  proposed  by  the 
committee. :/r 

A  simultaneous  action  of  the  engines  may  be  secured  by  telegraphic 
signal,  in  starting  or  stopping  the  train  for  the  day  or  in  case  of  acci- 
dent. The  whole  motion  will  be  so  quiet  and  regular  and  free  from  sud- 
den strains,  that,  under  a  proper  system  of  inspection  and  renewal,  any 
serious  accident  seems  extremely  unlikely  to  occur  ;  but  in  the  event  of 
any  accident  the  engines  may  be  instantly  stopped  by  telegraphic  alarm, 
and  a  system  of  self-acting  brakes  may  be  brought  into  action  through- 
out the  whole  train,  by  simply  breaking  the  circuit  of  another  telegraph 
carried  upon  the  train.     By  this  means  any  conductor  on  any  part  of  the 

*  The  reason  of  this  is  found  in  the  fact  that  in  case  of  trains  which  stop  every  half  mile, 
about  60  per  cent,  of  the  whole  power  expended  is  absorbed  by  the  brakes.  This  great  loss  is 
an  ample  offset  to  extra  dead  weight  carried  by  the  endless  train. 
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train  has  it  in  lii.s  power  to  stop  the,  whole  moving  mass  quite  as  speedily 
as  an  ordinary  light  train  moving  at  12  miles  an  hour  can  be  arrested, 
that  is— in  10  or  12  seconds.  All  parts  of  the  train  being  made  on  the  in- 
terchangeable plan,  any  defective  portion  can  be  quickly  replaced  and 
the  train  allowed  to  move  on  as  before. 

I  estimate  that  a  road  on  the  endless  plan.  10  miles  in  circuit,  can  be 
built  and  equipped  complete,  including  structure,  stations,  rolling  stock, 
engines  and  engine-houses,  telegraph,  etc.,  for  $3  722  400,  but  omitting 
right  of  way.  which  should  for  the  most  part,  be  free.  Referring  to  the 
report,  and  taking  the  cost  of  structure  at  the  lower  figure  named— 
$300  000  per  mile  of  double  track  -I  conclude  that  10  miles  of  single 
fcracl  and  complete  equipment  for  ordinary  trains  will  cost,  omitting 
righl  of  way.  >•">  L60  000.  My  estimate  of  the  total  annual  expense  of 
operating  the  endless  train,  including  repairs,  is  $773  L00,  which  com- 
pares favorably  with  the  estimated  expense  of  $823  381  stated,!  and 
which  is  nearly  an  average  of  all  the  estimates  given. 

Basing  the  expected  revenue  from  the  endless  train  on  a  passenger 
traffic  of  loi)  (ion  fares  a  day,  which  is  only  about  17  per  cent,  of  the 
seating  capacity  oJ  lie  train,  even  though  every  passenger  rode  .">  miles, 
the  annual  receipts  would  be  at  5  cents  a  fare,  si  ;,(',:>  000.  which  after 
deducting  expenses,  will  leave  21  percent,  to  be  divided  on  the  capital 
invested.  The  same  income  on  the  road  proposed  by  the  committee, 
although  ■  sed  on  the  number  of  fares  collected  being  o()  per  cent,  of  the 
seats  in  tin  Tains,  will  after  deducting  the  estimated  expenses,  leave 
16.3  per  cent.     >  be  divided  on  the  estimated  cost. 

It  thus  appears  that  the  plan  of  operating  a  rapid  transit  railway  by 
an  endless  train,  such  as  I  have  proposed,  will  not  only  fully  meet  the 
wants  of  the  public  by  providing  a  frequenl  ami  rapid  conveyance  from 
and  to  numerous  stations,  accommodating  way  travel  without  causing 
•  the  least  delay  to  through  passengers,  but  also  that  it  is  quite  practicable 
in  an  engineering  point  of  view  and  that  by  reason  of  its  low  first  cost 
and  moderate  annual  expense  it  will  prove  a  remunerative  investment. 
It  further  appears  that  in  all  these  respects  it  is  superior  to  the  best  plan 
which  the  committee  could  offer,  based  on  the  use  of  ordinary  locomo- 
tive trains. 


*  Ordinarily,  however,  renewals  and  repairs  will  be  made  between  midnight  and  4  o'clock 
A.  m.,  when  the  train  is  not  in  use.  t  Page  72. 
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At  the  Seventh  Annual  Convention. 

(Continued  from  page  250.) 


ON   RAPID   TRANSIT  IN   LARGE   CITIES. — CONCLUDED. 

Mr.  Charles  E.  Emery. — In  reference  to  the  plan  of  Mr.  Searles,  I 
have  often,  while  traveling  on  express  trains  through  various  cities  and 
villages  near  New  York,  thought  of  a  system  somewhat  similar.  My 
plan  was  to  have  a  transfer  train  propelled  by  a  locomotive  arranged  to 
run  on  a  side  track  parallel  with  the  main  track  of  an  ordinary  railroad, 
which  transfer  train  should  receive  passengers  at  a  station  and  as  an  ex- 
press train  came  near,  start  in  the  same  direction  and  regulate  speed  so  as 
to  bring  the  two  trains  alongside  each  other,  when  they  were  to  be 
secured  together  by  appropriate  devices  and  transfer  of  passengers  made 
without  slacking  speed  ;  the  fastenings  would  then  be  cast  off  and  the 
the  transfer  train  return  to  the  station.  By  locating  the  side  track  be- 
tween the  two  main'  tracks,  one  transfer  train  could  connect  with  express 
trains  in  both  directions. 

This  plan  is  believed  to  be  perfectly  practicable,  and  for  suburban 
stations  doing  a  large  business  could  probably  be  made  profitable.  It 
has  the  advantage  that  it  embodies  no  untried  features.  Runaway  trains 
descending  a  heavy  grade  at  high  speed  have  been  met  by  and  coupled 
to  a  locomotive  on  the  same  track  and  brought  under  control.  There 
w«  >uld  be  no  difficulty  whatever  in  securing  together  and  safely  making 
transfers  between  tw<  >  trains  running  alongside  each  other  on  different 
tracks.  To  cover  the  whole  length  of  the  road  with  a  moving  train,  to 
which  transfer  trains  could  be  coupled,  as  proposed  by  Mr.  Searles, 
would  require  so  many  moving  parts  that  it  appears  impracticable  on  a 
large  scale.  The  results  attainable  with  such  a  plan  are,  however,  so  de- 
sirable that  it  deserves  careful  consideration. 
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ON    CHEAP    FREIGHT    TRANSPORTATION.  * 

Mr.  William  P.  Shtnn. — When  last  I  presented  the  subject  of  cheap 
freight  transportation  to  the  Society!  (at  the  Fifth  Annual  Convention, 
in  Louisville)  it  was  beginning  to  attract  the  attention  it  deserves — of 
engineers  from  a  scientific  point  of  view  ;  of  capitalists  from  a  financial 
point  of  view,  and  of  commercial  men  from  a  business  point  of  view — the 
cheap  transportation  of  their  products  or  wares.  Since  then  the  subject 
has  passed  through  almost  an  entire  stage  of  existence.  The  investiga- 
tions made  by  members  of  this  Society,  and  published  in  Transactions, 
have  rendered  prominent  the  scientific  side  of  the  question,  to  a  degree 
not  before  approached  in  the  history  of  transportation  by  rail.  For  year- 
it  was  not  considered  that  this  subject  hail  any  scientific  side,  hut  on  the 
contrary  bo  be  a  matter,  thought  of  and  decided  by  the  experience  of 
those  deemed  practical  railroad  men,  most  of  whom  were  not  fitted  by 
previous  education  to  examine  into  the  question  from  a  positive 
standpoint. 

The  attention  of  engineers  having  been  drawn  to  the  subject,  they 
have  shown  this  Society,  the  profession  at  Large,  and  the  public,  that  it 
has  not  only  a  scientific  side,  but  thai  to  an  exhaustive  and  complete  in- 
vestigation thereof,  we  must  look  tor  economy  in  freight  traffic.  What 
i-  popularly  called  " cheap  freight  transportation"  has  little  reference 
to  any  scientific  consideration  of  the  subject  :  it  means  carrying  so  many 
tons  of  freight  so  many  miles  Eor  so  many  dollars,  without   much  regard 

to  whether  such  is  d< economically  or  well  ;  but  I  hold  that  the  public 

is  as  much  interested  in  transportation  being  well,  as  in  its  being  cheaply 
done.  To  accomplish  this,  the  rate  paid  for  transportation  must  be  an 
equivalent  for  the  service  rendered  ;  if  less  than  this,  the  carrier  cannot 
afford  to  conduct  the  business,  and  we  may  take  it  for  granted  he  will  not, 
for  any  length  of  time.  Still,  spasmodic  reductions  of  rates,  such  as  now 
are  frequent — the  result  of  what  is  commonly  termed  '-railroad  wars" 
— may  continue.  It  is  doubtful  whether  these  -i  wars  "  benefit  either  the 
producer  or  consumer.  They  unsettle  values,  make  it  impossible  for  par- 
ties doing  a  business  which  requires  capital  and  time,  to  achieve  satisfac- 
tory results  or  to  calculate  as  to  the  cost  of  their  products.  They  may 
have  to  pay  to-day  25  cents,  and  next  week  100  cents,  per  100  pounds  for 
transporting  the  same  material.  This  unsettling  of  values  renders  busi- 
to  a  certain  extent  speculative,  uncertain  and  hazardous,  and  conse- 


*  Referring  to—  CVT,  Rapid  Transit  and  Terminal  Freight  Facilities ;  a  Report  by  O.  Chanute, 
M.  X.  Forney,  A.  Welch,  C.  K.  Graham  and  F.  Collingwood.— (1'art  II. I— page  31.  t  Vol.  II, 
page  249. 
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■quent  allowance  must  be  made  in  fixing  prices.  Many  of  us  know  that 
producers  get  little  benefit  from  these  low  rates,  nor  do  consumers  get 
more  :  all  parties  :  excepting  perhaps,  speculators  and  middlemen)  "would 
be  better  served  by  rates,  uniform  at  least  for  seasons,  if  not  for  year-, 
that  would  be  remunerative  to  carriers  and  induce  them  to  transact  their 
business  in  a  business-like  way.  and  to  seek  constantly  to  improve  it  and 
give  better  satisfaction  to  shippers. 

The  remarks  before  made  by  me.  referring  to  the  immediate  branch 
of  the  subject  then  under  consideration,  viz..  transportation  of  cereal 
products  of  the  \\  est  to  tide  water,  were  partially  in  reply  to  and  a  criti- 
cism upon  remarks  of  other  members  to  the  effect,  that  water  transporta- 
tion only  could  relieve  the  corrntry  from  high  freight  rates.  I  sought  to 
show  what  was  not  generally  known,  and  has  been  disputed  by  railroad 
men,  that  the  cereal  products  of  the  west  could  be  and  hail  been  trans- 
ported from  Chicago  to  tide  water  for  7  mills  per  ton  per  mile.  My  re- 
marks were  put  in  print  (not  in  Transactions,  bnt  in  some  public  newspa- 
pers and  railroad  journals i  without  reference  to  what  those  who  preceded 
me  had  said,  whence  it  appeared  as  if  I  had  endeavored  to  show  that  gen- 
erally freight  could  be  transported  for  7  mills  per  ton  per  mile,  and  this 
was  severely,  but  unfairly,  criticised  by  railroad  managers  and  freight 
agents,  who  thought  they  understood  the  subject. 

I  also  stated  at  that  time,  that  when  health  and  engagements  permitted 
I  would  demonstrate  to  the  Society  the  truth  of  what  I  then  asserted.  I 
regret  not  as  yet  having  had  the  opportunity  to  prepare  and  present  the 
results  in  a  paper,  as  contemplated.  I  will,  however,  recite  some  facts 
which  justify  me  in  saying  that  the  statement  made  at  Louisville  may  be 
considered  as  proven. 

In  the  report  of  the  Pittsburgh,  Cincinnati  &  St.  Louis  E.  E.  Co.  for 
1874,  the  average  cost  per  mile  of  all  the  traffic  is  given  at  0.911  cents, 
a  fraction  over  9  mills  upon  an  average  haul  of  13'. I  miles,  or  ~'l  per  cent. 
of  the  length  of  road,  193  nudes.  It  must  be  apparent  that  the  cost  of 
through  freight — a  great  deal  of  which  needs  no  handling,  switching  or 
transferring  between  the  termini  by  the  company — could  not  have  ex- 
ceeded seven-tenths  that,  or  7  mills  per  ton  per  mile. 

In  the  reports  of  the  Lake  Shore  i-  Michigan  Southern  E.  E.  Co.  for 
1872,  it  is  stated  that  on  an  average  haul  of  208  miles  on  a  line  540  miles 
long,  the  cost  for  freight  traffic  was  0.92  cents  :  tor  L873,  with  an  average 
hard  of  203.6  miles,  average  cost  was  0.940  cents,  and  for  1874,  with  an 
average  haul  of  191.4  miles,  the  average  cost  on  all  the  traffic  of  the  road 
was  0.767  cents,  or  1\  mills  pel-  ton  per  mile  upon  an  average  haul  less 
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than  40  per  cent,  of  the  length  of  the  road.     The  through  traffic  of  these 
lines  therefore  cost  not  exceeding  6  mills  per  ton  per  mile. 

In  the  report  of  the  Pennsylvania  E.  B.  Co.  for  1873,  the  cost  of  all 
freight  traffic  was  0.857  cents  per  ton  per  mile  on  an  average  haul  of  L38 
miles,  less  than  40  per  cent,  of  the  length  of  the  main  line,  355  miles. 
The  committee  appointed  by  the  stockholders  of  this  company  to  report 
upon  the  value  of  the  property,  in  discussing  this  subject,  expressed  an 
opinion  that  the  cosl  of  through  traffic  on  this  line  for  1873  was  7  mills 
per  ton  per  mile  ;  the  average  cost  of  all  through  traffic,  which  consists 
largely  of  bulky  goods  going  west,  and  wool,  cotton  and  other  similar 
goods  going  east,  freight  that  a  car  can  only  carry  from  one-half  to  two- 
thirds  of  a  standard  Load.  Members  of  the  Society  will  see  that  the  cost 
of  transporting  cereal  products  which  go  in  loads  of  from  10  to  11  tons, 
frequently  on  whole  trains  without  handling  by  the  company  at  either 
terminus  of  i  In-  road  or  shifting  of  the  cars  between  the  termini,  must  be 
done  at  a  cost  less  than  that  of  tic  average  of  the  whole  traffic,  or  less 
than  7  mills  per  ton  per  mile  ;  hence,  I  regard  the  proposition  referred 
to  as  proven. 

I  should  here  say  that  in  speaking  of  cost,  a  railroad  man  always 
means  the  expense  to  the  company  in  conducting  the  traffic,  including 
maintenance  of  road  and  of  machinery  used,  hut  does  not  include  inter- 
est on  the  capital   invested. 

The  subject  of  watered  stocks  has  often  of  late  been  referred  to.  as  a 
cause  for  high  freight  rates;  the  argument  is  that  the  stock  beingwatered 
and  thereby  the  amount  increased,  the  managers  hud  it  necessary  to  pay 
a  dividend  on  the  increase,  and  therefore  must  charge  correspondingly 
higher  rates.  Investigations  have  been  made  and  figures  brought  forth 
to  prove  that  the  increase  of  capital  stock  bears  no  relation  to  transpor- 
tation receipts  :  from  a  scientific  point  of  view,  this  is  hardly  worth  dis- 
cussing. However,  if  railroad  companies  are  paid  for  carrying  freight, 
they  must  have  some  interest  on  the  capital  invested,  and  therefore  can- 
not be  expected  to  conduct  traffic  at  the  rates  I  have  named  :  a  small  ad- 
dition however,  to  the  rate  per  ton  per  mile  on  the  traffic  of  main  lines 
will  pay  a  dividend  on  capital  stock  ;  a  calculation  made  some  years  ago 
iu  reference  to  a  main  line  of  railway  showed  that  an  addition  of  3^  mills 
per  ton  per  mile  would  pay  7  per  cent,  on  the  capital  and  debt  of  that 
railroad. 

I  have  remarked  that  this  subject  has  passed  through  one  stage  of  its 
existence.  All  of  us  have  heard  of  the  Grangers,  of  the  demand  that 
their  products  be  transported  to  tide  water — no  matter  how  far  or  under 
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what  circumstances — at  such  rates  as  would  afford  to  them  a  margin  of 
profit.  They  have  exploded  their  own  machine.  Mr.  Adams.  Chairman  of 
the  Railroad  Commission  of  Massachusetts,  has  shown  that  the  Grangers 
have  defeated  their  own  plans  and  carried  things  too  far  ;  transportation 
cannot  he  had  without  some  one  paying  for  it.  Railroad  companies  sub- 
ject to  competition  between  themselves  and  from  water  lines  of  commu- 
nication, are  not  likely  to  change  rates  unnecessarily  high  ;  at  present 
the  rates  are  unreasonal  >ly  1<  >w. 

One  effect  of  the  agitation  of  the  subject  by  the  Grangers  from  their 
point  of  view,  and  by  this  Society  and  engineers  generally  from  a  scien- 
tific point  of  view,  has  been  to  cause  railroad  companies  or  their  officers 
and  managers  to  look  into  and  investigate  the  subject  and  rind  out  upon 
what  basis  it  rests  ;  and  in  doing  so,  they  have  seen  that  many  economies 
can  he  realized.  As  has  been  cited,  the  cost  of  traffic  on  the  Michigan 
Southern  R'y  has  been  reduced  from  0.92  cents  in  1S72,  to  0.767  cents 
in  1874;  it  appears  also  that  the  necessity  of  securing  back  loads  has 
been  demonstrated.  Some  years  ago,  when  I  had  charge  of  the  freight 
department  of  the  Pittsburgh,  Fort  Wayne  &  Chicago  R'y.  the  company 
was  urged  to  carry  coal  to  Chicago  at  a  rate  some  82  per  ton  less  than  it 
had  ever  carried  coal  before  ;  empty  stock  cars  were  daily  run  to  Chicago, 
sometimes  in  full  trains.  I  favored  loading  these  cars  at  the  best  price 
to  he  had,  and  obtained  the  approval  of  the  officers.  The  number  of  cars 
loaded  that  year  was  small,  but  mainly  in  consequence  of  that  policy  the 
percentage  of  empty  car  mileage  was  reduced  from  26.4  per  cent,  to  22 
per  cent,  of  the  whole  car  mileage,  and  in  two  years  more  to  17.4  per 
cent. ;  thus,  in  three  years  after  this  plan  was  adopted,  the  empty  car 
mileage  on  that  road  was  reduced  to  17.4  per  cent,  of  the  whole  car  mile- 
age :  the  further  result  has  been,  that  to-day  the  principal  traffic  in  these 
cars  is  of  coal  and  coke  from  Pittsburgh  to  Chicago,  and  live  stock  is 
sought  for  as  a  back  load. 

Of  course,  all  roads  cannot  carry  out  this  policy  to  that  extent. 
This  railway  had  an  advantage  in  Pittsburgh  being  its  eastern  terminus 
— few  eastern  railroads  have  the  opportunity  for  back  loading  thus 
afforded  ;  but  every  railroad  can  by  encouraging  return  traffic  at  Lav  rates 
more  or  less  develop  new  traffic,  load  cars  now  returned  empty,  and  there- 
by bring  about  an  economy  which  will  enable  the  whole  traffic  to  be  done 
at  a  reduced  rate  per  ton  per  mile.  As  a  general  rule,  based  on  my  ex- 
perience, eventually  railroad  companies  give  to  the  public  all  the  benefits 
of  improvements  made,  in  the  manner  and  cost  of  doing  business,  so  that 
the  result  of  our  discussion  and  these  agitations  will  be  that    rates  of 
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transportation  will  be  reduced  until  minimum  cost  is  reached,  probabhj 
not  far  from  a  5  mills  per  ton  per  mile  for  cereals  and  similar  products 
faken  in  ivhole  carloads  long  distances. 

To  do  this  will  require  improvements  in  equipment  ;  the  proportion 
in  freight  cars  of  dead  to  paying  weight  is  still  too  great.  They  weigh 
from  9  to  10  tons  each,  and  carry  but  10  to  11  tons.  This  ratio  must  be 
lessened,  and  to  the  members  of  our  profession  the  railroad  companies 
must  look  for  improvement  in  this  particular. 

Mb.  Wilson  Ckosbt. — I  would  submit  the  following  query  ami  sugges- 
tions as  to  economy  in  the  movement  of  freight.  Since  the  cost  of  trans- 
portation including  terminal  expenses,  has  been  reduced  on  ordinary  rail- 
roads to  less  than  3  cents  per  ton  per  mile,  and  in  very  many  eases  to  less 
than  one  cent,  it  is  evident  thai  any  further  reduction  must  be  measured 
by  mills,  not  cents.  In  this  view,  apparently  small  savings  become 
important. 

The  prime  requisite  to  cheap  transportation  is  of  course,  a  large  and 
uniform  tonnage  to  be  moved  in  each  direction,  so  that  the  trains  maj 
run  as  nearly  i'nll  both  ways,  as  the  grades  will  permit.  This  is  a  slate 
of  affairs  however,  attainable  only  to  a  slight  extent,  and  is  but  very  lit- 
tle under  the  control  of  engineers.  The  more  practical  question  con- 
cerning them,  is  how  to  deal  with  freight  as  it  is  presented,  so  as  to 
handle  it  at  the  hast  expense. 

Assuming  it  to  have  been  demonstrated  that  the  sum  total  of  train  re- 
sistances increases  with  the  speed,  and  that  there  is  a  speed  of  minimum 
resistance  for  a  given  weight  of  train,  it  is  evident  that  for  the  same 
steam  pressure  and  strain  on  its  parts,  an  engine  will  haul  a  heavier  load 
at  low,  than  at  high  speed.  This  being  the  case,  can  any  considerable  re- 
duction in  cost  be  effected  by  diminishing  the  number  of  freight  trains  and 
loading  those  retained  down  to  a  speed  approaching  that  of  minimum 
resistance  on  the  riding  grades,  while  permitting  faster  time  on  tin 
lighter  grades  ? 

As  the  gain  in  load  would  lie  very  much  greater  on  a  level  plane 
than  on  one  of  an  inclination  of  say  50  feet  per  mile,  this  seems  to  point 
to  easy  grades  for  freight  lines.  Undoubtedly  light  grades,  when  not 
too  expensive  in  first  cost,  are  better  than  steep  ones,  but  lure  again,  in 
the  present  condition  of  the  country,  the  engineer  must  accept  circum- 
stances as  he  finds  them.  The  finances  of  most  American  railroads  at 
this  time,  will  neither  permit  of  the  construction  of  additional  tracks 
exclusively  for  freight,  nor  of  any  extensive  modification  of  existing 
grades.       Inasmuch    however,  as    when   fast    and  slow  trains  are   to  lie 
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worked  on  the  same  track,  frequent  turnouts  will  be  necessary  ;  sidings-, 
and  in  most  eases  stations  also,  can  be  located  at  the  foot  and  summit  of 
the  steep  grades,  and  one  part  of  the  train  left  at  the  foot  while  the  en- 
gine takes  the  other  up  the  hill,  leaves  it  at  the  top  and  returns  for  the 
part  dropped. 

As  one  portion  could  be  inspected  below  and  the  other  above,  both  in 
the  absence  of  the  engine,  this  need  ordinarily  occasion  but  very  little 
if  any,  loss  of  time,  while  it  amounts  to  practically  doubling  the  power 
where  most  needed,  or  to  reducing  the  grade. 

With  the  extension  of  the  system  of  grading  now  practiced  on  grain, 
to  other  articles,  so  that  sales  coidd  be  made  by  telegraph  and  by  sam- 
ples, the  necessity  for  the  rapid  movement  of  many  kinds  of  goods  will 
be  diminished  although  some  fast  freight  trains  will  still  be  required, 
but  on  these  the  rates  could  afford  to  be  higher  than  on  the  slow  trains. 

Mr.  W.  MmNOK  Eobekts. — Without  attempting  to  discuss  the  gene- 
ral subject  of  transportation,  I  will  refer  to  some  facts  in  comparison  of 
the  cost  of  moving  freight  upon  our  rivers  and  by  our  railroads.  I  have 
read  the  greater  part  of  the  voluminous  report  of  Senator  Windom,  Chair- 
man of  the  Congressional  Committee,  who  spent  a  year  in  collecting 
facts  and  made  one  of  the  most  elaborate  and  able  reports  ever  issued 
here  or  elsewhere  upon  this  branch  of  the  subject. 

A  steamboat  towed  barges  loaded  with  coal  down  the  river  from  Pitts- 
1  lurgh  to  Evansville,  783  miles,  for  J.,-  cents  per  ton  per  mile,  which  afforded 
a  profit  to  the  transporter,  who  however,  did  not  tow  the  barges  back  : 
he  owned  the  steamer  and  barges  and  under  a  contract  to  deliver  coal  at 
this  rate  made  a  profit  sufficient  to  pay  for  some  extra  work  needed  <  m 
his  barges.  This  is  perhaps  an  absolute  minimum  cost  of  down-river 
transportation  on  the  Ohio  river.  For  the  cost  of  a  round  trip  there 
should  be  added  to  this  rate,  the  expense  of  returning  the  empty  barges 
to  the  head  of  navigation,  which  would  be,  probably,  not  more  than 
one-fourth  of  the  total  cost  per  ton  per  mile,  and  perhaps  less. 

Thousands  of  tons  of  granite  for  the  St.  Louis  bridge  were  brought 
from  New  England  to  New  Orleans  by  ocean  vessels;  from  there  it  was 
carriedup  the  Mississippi  river  by  steamers  and  barges  against  the  stream, 
1  300  miles,  to  St.  Louis,  at  a  price  to  the  consignees  of  $8  per  gross 
ton,  or  less  than  ,  cents  per  ton  per  mile,  which  included  a,  large1  ]>■ 
for  the  transporters  had  a  monopoly  of  this  business  that  season.  The 
cost  of  down-stream  transportation  from  St.  Louis  to  New  Orleans,  is 
about  2  mills  per  ton  per  mile,  ordinary  transportation  being  $2.60  per 

ton  £TOSS. 


258 

Railroad  transportation  over  the  same  region,  on  a  line  of  650  miles — 
one-half  the  river  distance — costs  $5.20  per  ton,  or  S  mills  per  ton  per 
mile.  Probably  there  will  never  be  a  railroad  between  St.  Louis  and 
New  Orleans — supposing  the  distance  to  be  650  miles — that  will  carry 
heavy  freights,  such  as  cereals  or  anything  regularly  Loaded  into  cars 
full  for  less  than  8  mills  per  ton  per  mile.  The  cost  of  transporting  these 
on  the  Ohio  and  Mississippi  rivers  from  Pittsburgh  to  New  ( >rleans,  2  OflO 
miles,  is  about  $2.80  per  ton,  or  l.f  mills  per  ton  per  mile,  which  pro- 
vides for  the  return  of  boats  and  barges  to  Pittsburgh  and  for  profits  to 
the  owners,  covering  a  loss  of  time  and  interest  for  several  months  of 
.  year  that  the  fleet  lays  idle  because  of  Low  water  in  the  Ohio  river. 

These  facts  will  aid  in  comparing  the  cost  of  transportation,  by  river 
and  railroad.  Although  for  years  1  have  had  much  experience,  written 
largely  and  made  many  calculations,  I  have  never  considered  rivers  and 
railroads  as  rivals  at  any  period  ;  mi  the  contrary,  each  must  and 
aid  the  other.  The  business  of  the  railroads  of  this  country  would  be 
much  diminished,  were  it  not  that  they  touch  the  western  rivers  at  various 
points,  from  which  heavy  freights  can  be  conveyed  long  distances  at  low 
rates  :  for  instance,  iron  ore  is  taken  from  St.  Louis,  200  miles  down  the 
Mississippi  river  to  the  month  of  the  Ohio,  and  brought  up  that  river 
007  miles  to  Pittsburgh,  at  rates  \'-,ir  below  the  cosl  by  railroad  over  a 
much  shorter  distance;  audit  is  doubtful  if  shippers  of  this  ore  could 
pay  a  rate  for  transportation  between  these  points  which  any  railroad 
would  deem  profitable. 

I '.  (■  evidence  of  \  ast  improvements  in  this  country,  because  of  the 
connection  between  railroad  and  water  transportation,  reference  may 
be  made  to  Chicago,  where  the  bulk  of  all  heavy  freights  from  the  west 
brought  by  many  and  important  railroads  traversing  rich  territory,  which 
yields  a  vast  amount  of  cereal  and  other  products,  is  concentrated,  shipped 
on  vessels  by  lake  to  Buffalo,  thence  by  the  Erie  Canal  to  New  York,  or 
the  Welland  Canal  and  the  St.  Lawrence  river  to  seaboard.  The  reason 
why  this  business  is  not  done  by  railroads  to  eastern  cities,  instead  of  by 
water  routes,  is  simply  on  account  of  the  low  cost  of  the  latter;  and 
should  these  two  systems  of  transportation  ever  come  into  fighting  com- 
petition, the  cost  of  freights  by  river,  lake  and  canal,  could  be  reduced, 
still  afford  a  living  and  provide  for  contingencies,  as  insurance,  &c, 
which  are  not  connected  with  railroads.  As  I  have  said,  this  transporta- 
tion by  water  cannot  be  considered  as  antagonistic  to  railroads,  although 
sometimes  made  so  to  a  certain  extent,  by  steamboat  owners  and  railway 
managers  in  active  competition,  respectively  looking  to  their  own  inter- 
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est.  Then,  for  a  time  freight  may  be  carried  for  cost  or  less,  which  is  m<  »re 
unprofitable  for  a  constantly  wearing  railroad  than  for  a  water  commu- 
nication ;  a  railroad  suffers  an  immense  amount  of  wear  while  rivers  and 
lakes  have  none,  and  the  heaviest  freights  can  be  carried  by  water  at 
much  lower  rates  than  by  rail. 

I  have  for  years  tried  to  prevent  the  vast  constant  augmentation  of 
the  weight  of  rolling  stock  on  our  railways.  The  system  appears  to  be 
this  :  locomotives  and  cars  are  made  as  big  and  heavy  as  possible,  so  as 
to  carry  a  maximum  load  on  a  certain  size  and  weight  of  rail ;  then  a 
bigger  rail  is  made,  heavier  and  stronger,  to  carry  that  load  of  freight  ; 
and  so  from  year  to  year  rolling  stock  and  track  are  separately  increased 
in  weight  and  strength;  comparing  the  weights  of  passenger  or  sleep- 
ing cars  with  the  live  loads  they  cany,  the  contrast  becomes  ridiculous. 
particularly  when  we  consider  that  this  excess  in  dead  weight  is  trans- 
ported over  our  lines,  at  30  or  40  miles  per  hour.  There  is  a  remedy 
for  this,  but  one  very  difficult  to  apply. 

The  prevailing  gauge  of  railroad,  now  called  the  "broad  gauge  ;"'  is 
4  feet  8^  inches.  When  I  began  railway  building,  this  was  called  a  nar- 
row gauge,  and  I  had  to  oppose  what  then  was  called  the  "broad,"  or  (> 
feet  gauge.  The  English  7  feet  gauge  has  never  been  adopted  in  tlii- 
country,  and  was  but  to  a  limited  extent  in  Europe;  6  feet,  however,  is 
and  was  the  gauge  on  several  important  roads  in  the  United  States.  When 
the  Alleghany  Valley  K.  E.  was  built,  about  a  quarter  of  a  century  ago, 
the  majority  of  the  Board  of  Directors  favored  a  broad  gauge  road,  be- 
lieving it  cheaper  to  work  and  more  comfortable  for  passengers.  The 
question  came  up  before  me  in  Ohio,  while  constructing  the  Bellefon- 
taine  &  Indiana  R.  R.,  which,  by  the  Ohio  law,  was  of  4  feet  10  inch 
gauge.  A  contract  was  made  with  Mr.  Wasson,  a  well-known  New  Eng- 
land ear-builder  for  10  passenger  cars,  as  wide  as  those  then  running 
on  the  eastern  end  of  the  Atlantic  &  Great  Western,  and  on  the  Xew  York 
&  Erie  B.  B.,  which  were  roads  of  G  feet  gauge — and  with  the  interior  ar- 
ranged like  them.     I  presume  some  of  these  cars  are  still  running. 

In  more  modern  days  has  been  introduced  what  is  now  called  a  "nar- 
row gauge,"  in  comparison  with  1  feet  .V  inches.  Lines  recently  built 
lure  i  >r  in  Europe,  are  of  1  foot  10  inches,  2  feet  Sh  inches,  3  feet,  3  feet  It » 
inches  gauge,  Szc.  One  of  the  first  railroads  in  this  country,  from  Mauch 
Chunk  to  the  coal  mines,  was  of  3  feet  6  inches  gauge,  and  it  was  thought 
a  pretty  big  railroad  at  that  time,  1827.  From  calculations  carefully 
made,  and  a  thorough  study  of  the  subject,  I  am  persuaded  that  a  given 
weight  of  freight  can  be  carried  at  less  cost  on  a  railroad  of  3  feet  gauge, 
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with  proper  appliances,  weight  of  cars  and  locomotives,  than  on  on 
4  feet  81  inches,  with  the  present  unnecessarily  costly  rolling  stock. 

These  questions  must  be  considered  in  a  scientific  investigation  of  the 
economy  of  freight  transportation.  If  this  Society  can  by  the  presenta- 
tion of  arguments  and  facts,  induce  railroad  men  to  look  into  the  matter 
candidly  and  seriously,  and  with  a  view  to  greater  profits  than  now  are 
realized  on  their  lines,  the  freighting  business  of  the  country  will  be 
greatly  improved,  by  reducing  the  weights  of  cars,  locomotives  and  rails. 
Perhaps  by  substituting  a  light  steel  rail  and  light  rolling-stock  for  what 
is  now  used,  the  difference  in  the  cost  of  freight  on  a  narrow  gauge  and 
on  a  broad  gauge  road  may  be  lessened,  but  I  doubt  it"  it  ran  be  entirely 
overcome.  What  is  the  least  gauge  for  the  freight  road  of  most  profit,  I 
cannot  say  ;  I  believe  it  is  less  than  3  feet.  Some  contend  it  will  be  but 
a  single  rail  on  which  runs  a  1  ton  Locomotive,  at  15  miles  per  hour;  two 
years  ago  I  rode  upon  such  a  railroad  in  Philadelphia,  which,  it 
claimed  was  a  better  system  of  elevated  railroad  for  cities  than  that  now 
used  in  New  York,  the  Greenwich  Street  Elevated  1!.  lb.  and  the  only 
elevated  city  railroad  in  the  world.  The  railroads  in  Europe  that  run 
into  cities,  are  not.  properly  speaking,  elevated  railroads  for  city  pas- 
senger travel;  those  which  enter  London  and  other  large  European  cities, 
over  houses  and  streets  are  the  great  main  lines  of  the  country. 

Me.  Fbancis  Collingwood.  I  would  say  a  few  words  suggested  by 
some  remarks  of  Mr.  Shinn.  More  than  a  year  ago,  I  made  careful  ob- 
s.  nations  as  t"  tin-  cost  of  discharging  and  handling  freight  at  tic  \ 
York  terminus  of  the  Erie  Railway.  Mr.  Shinn  (referring  to  fibrous 
materials.  I  believe!  has  spoken  of  the  difficulty  of  getting  full  loads  in 
cars,  that  is  loads  of  standard  weights.  1  found  that  cars  loaded  full  of 
cotton,  contained  all  tic  way  from  5  to  11  tons:  the  only  difference  in  the 
loads  was  that  the  bales  in  the  larger  ones  were  very  closely  pressed. 
Now  if  cotton  can  be  compressed  so  that  a  car  will  take  11  tons,  why 
bring  it  from  Louisville  to  New  York  in  car  loads  of  only  .">  tons  V 

Another  very  prominent   fact    was  the  irregularity  of  shipment-.      A 
car  would  lie  run  down  into  the  lower  freight-house,  and  there  one  bale 
of   cotton   got   out   by  half  a  dozen  or  perhaps  a  dozen  men.     S 
times  half  a  car  would  be  unloaded  to  get  one  bale,  the  half  loadrep 
and  the  car  switched  into  another  freight-house  to  discharge  thebalai 
the  load.      Tobacco  in  casks  was  shipped  in  the  same  way.  and  caused  the 
same  amount  of    extra  work.       Other  baled  goods   varied  also  quite  as 
much  as  cotton,  so  that  the  cost  of  handling  was  about  50  per  cent,  more 
in  the  case  of  the  light  loads. 
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These  two  items,  light  loads,  where  by  attention  to  compressing,  they 
can  be  made  heavy,  and  irregular  shipmertfs,  need  closer  attention  than 
they  seem  to  have  received.  The  fault  is  not  with  the  eastern  railroads, 
but  with  those  in  charge  at  points  of  shipment. 

Another  matter  needing  consideration  is  the  facilities  for  handling- 
freight,  by  other  than  man  power.  It  is  simply  absurd  that  because  a 
block  of  marble  weighs  6  tons,  it  should  cost  thrice  as  much  per  ton  to 
load  or  unload  as  a  block  weighing  2  tons,  and  yet  this  is  so  in  s<  >me 
cases.  An  equal  absurdity  is  for  25  men  to  handle  a  heavy  iron  beam, 
when  it  could  be  done  easily  and  at  much  less  expense  in  other  ways. 

It  is  well  known,  that  the  average  cost  of  unloading  freight  from  cars 
at  Jersey  City  and  landing  it  in  Xew  York,  is  very  close  to  one  dollar  per 
ton  and  it  is  not  difficult  to  see  where  some  of  the  money  goes  to.  This 
is  enough  to  pay  the  roads  a  profit  on  an  additional  100  miles  of  land  car- 
riage, and  is  altogether  too  much. 

The  subject  is  a  difficult  one  to  handle,  but  at  the  same  time  it  is 
too  important  to  be  neglected  as  it  has  been.  An  examination  of  the 
reports  of  any  one  of  the  railroads  terminating  in  Xew  York,  will  show 
that  the  terminal  expenses  of  the  roads  form  a  very  large  item  in  their 
annual  working  expenses. 

Mk.  William  P.  Smxx. — When  I  refer  to  a  probable  reduction  in 
rates  to  5  mills  per  ton  per  mile  by  changes  in  equipment,  &c,  the  actual 
cost  is  meant.  I  do  not  expect  that  railway  transportation  will  lie  done 
at  this  rate,  with  profit  to  the  companies  sufficient  to  provide  for  interest 
on  capital  invested.  No  railway  company  in  this  country  can  afford  to 
carry  freight  (except  perhaps  iron  ore  and  coal  transported  long  dis- 
tances) for  less  than  8  mills  per  ton  per  mile,  the  figure  named  by 
Mr.  Roberts  ;  and  general  traffic,  including  lighter  articles  (such  as 
cotton,  dry  goods,  etc.)  for  less  than  one  cent  per  ton  per  mile  as  an 
average  rate,  until  by  the  general  adoption  of  steel  rails  and  improved 
equipment  the  average  cost  is  sensibly  reduced. 

Since  I  have  called  attention  to  this  subject  it  seems  to  have  becom< 
one  of  general  interest  to  the  Society  ;  several  membere  have  discussed 
it.  and  I  hope  others  will  do  so.  I  will  contribute  what  I  can  from  time 
to  time,  but  the  subject  is  too  large  and  the  field  too  broad  to  be  covered 
by  any  one  or  half  dozen  of  us.  It  must  be  carefully  viewed  from  all 
-ides,  and  with  a  purpose  to  reduce  deadweight  and  increase  back  Lo 

Referring  to  terminal  freight  facilities.  I  would  remark  that  the  trunk 
lines  running  into  Xew  York  all  allow  si  per  ton  for  terminal  expe] 
which  are  said  to  cost  even  more  :  thus,  the  traffic  taken  across  the  Hud- 
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son  at  Jersey  City,  is  said  to  be  done  at  an  expense  for  ferriage  to  New 
York  City,  or  to  vessels  in  the  harbor,  of  $1.40  per  net  ton.  This  ter- 
minal charge  is  deducted  from  the  through  rate  before  a  division  is  made 
between  the  several  lines  ;  so  that  when  freight  is  taken  from  New  York 
to  Chicago  for  25  cents  a  hundred  pounds*  one-fifth  of  this  is  required 
for  terminal  charges,  which  is  a  great  tax  upon  transportation. 

Me.  Clemens  Hekschel. — It  is  well  known  that  the  freight  cars  on 
the  other  side  of  the  "salt  pond'1  are  as  a  rule,  short  cars  mounted  on 
only  4  wheels.  Some  of  these  so-called  "  bob-cars"  are  in  use  also  in 
this  country,  among  the  manufacturing  corporations  at  Lowell,  Mass.  for 
example,  and  to  the  superficial  observer  certainly  they  seem  to  present 
many  advantages  for  the  expeditious  ami  economical  handling  of  freight. 
'I'll. ■;.  can  be  run  and  turned  on  small,  light  turn-tables,  hauled  about  by 
only  a  single  horse,  ami  in  this  way  without  switching,  can  be  landed  in 
any  part  of  the  yard  speedily  and  with  great  facility.  I  should  like  some 
gentleman  of  experience  in  freight  railroading  and  who  knows  about 
transportation  in  tlies,-  cars  in  Europe,  to  point  out  the  disadvantages 
of  the  system  and  state  why  it  should  not  be  adopted  here. 

Mi;.  J.  Drnux  Steele.— I  have  observed  this  peculiarity  in  handling 
freight  on  the  other  side  of  the  ocean  in  short  cars,  and  thai  the  propor- 
tion of  dead  to  paying  weigbl  Ls  less  than  with  us.  I  have;  also  noticed 
here  that  those  companies  using  four-wheeled  cars  for  certain  kinds  of 
traffic  have  Less  dead  weight  than  where  the  longer  cars  are  used.  As 
pointedly  said,  sufficient  attention  has  not  been  paid  to  this  subject. 

In  the  transportation  of  coal  with  which  I  have  been  more  particu- 
larly connected,  the  Baltimore  &  Ohio  K.  R.  Co.  has  given  the  most  at- 
tention to  the  reduction  of  dead  weight,  and  it  was  supposed  that  the 
minimum  Mas  reached  in  the  six-wheeled  iron  cars  used  on  that  line,  which 
however,  were  found  to  be  too  expensive  for  general  use,  and  the  popular 
demand  settled  down  to  our  common  four-wheeled  coal-car.  Certainly 
not  moved  by  a  careful  investigation  of  the  greatest  economy  to  be  at- 
tained, some  enterprising  individual  sprung  upon  public  attention  the 
eight-wheeled  coal-cars  which  for  a  time  had  considerable  run.  causing  our 
railroad  companies  to  haul  25  per  cent,  of  unnecessary  dead  weight  over 
their  rails,  but  these  cars  have  had  their  day,  and  we  have  come  back  to 
the  four-wheeled  car  for  coal  transportation.  It  is  thus  by  hard  practical 
experience,  without  much  scientific  aid  I  imagine,  that  in  the  transpor- 
tation of  one  of  our  heaviest  commodities  what  may  be  considered  an 
economical  standard  has  been  reached. 

*  S,:ad  ;it  this  time  to  be  the  ruling  rate. 
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For  the  transportation  of  promiscuous  freight  the  eight-wheeled  car 
serins  to  be  a  necessity,  particularly  for  horse  and  cattle  ears,  but  in 
platform  and  gondola  cars  a  very  unnecessary  length  has  in  many  cases 
been  adopted,  seemingly  arranged  to  meet  all  possible  demands,  as  for 
very  long  timber,  but  certainly  causing  a  movement  of  dead  weight, 
uncalled-for  by  the  purposes  for  which  they  are  most  generally  used. 

Without  doubt  the  economy  of  railroad  traffic  will  be  promoted  by 
railroad  officers  giving  this  subject  more  careful  attention. 

Mb.  Alexander  L.  Holley. — I  would  say  that  box  cars  for  freight  are 
rarely  used  abroad  ;  the  goods  are  covered  with  a  tarpaulin  (which  of 
course  is  very  light)  and  may  be  loaded  or  unloaded  under  cranes,  in- 
stead of  being  moved  in  and  out  by  manual  labor,  as  mast  be  when  box 
cars  are  used. 


KAIL  WAT  S  l  STEMS  CONTRASTED.* 

Mr.  Felician  Slataper. — In  regard  to  the  remark  of  Mr.  White  in 
his  paper  on  European  Railways  as  to  the  immense  amount  of  trouble 
taken  by  European  engineers  in  laying  out  railroad  work,  it  seems  to  me 
that  if  we  were  more  particular  in  locating  the  lines  and  pre} taring  our 
works  for  the  contractors,  the  work  done  by  them  would  be  much  more 
satisfactory,  and  there  would  be  much  less  cause  of  just  complaint  from 
the  capitalists  who  furnish  the  means,  of  the  great  discrepancy  between 
the  original  estimates  of  the  cost  of  our  public  improvements  and  the  real 
cost  when  completed. 

In  Europe  when  building  railways,  great  attention  is  paid  to  the  per- 
manent May  ;  the  tracks  are  always  kept  in  good  condition,  and  as  a 
consequence  the  wear  of  the  rolling  stock  is  greatly  reduced. 

I  must  acknowledge  that  their  freight  cars  are  better  built  than  ours  ; 
in  fact,  as  much  care  is  taken  in  their  construction  as  with  passenger 
coaches  here  ;  by  using  only  the  best  materials  and  the  most  careful 
workmanship  in  their  cars  an  equal  weight  of  freight  is  carried  in  cars 
that  weigh  only  one  half  of  ours,  or  about  10  000  pounds. 

Their  system  of  coupling  is  complicated,  yet  it  has  many  advantages 
over  ours,  especially  in  the  matter  of  protecting  the  lives  of  the  train  nun. 
Greater  attention  should  be  paid  to  this,  and  although  a  more  perfect 
device  would  cost  much  more  than  the  one  now  in  use,  when  the  lives 
sacrificed  by  our  present  system  are  taken  into  account,  this  excess  will 
not  be  considered. 

*  Referring  to — LXXXV,  European  Railways  as  they  appear  to  an  American  Engineer :  W. 
H.  White;Vol.  III.,  page  61. 
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Their  locomotives  do  uot  bear  comparison  with  ours,  but  in  the  per- 
manent way  we  ran  learn  valuable  lessons  from  them  for  the  future 
improvement  of  our  railroads.  There  is  reference  made  to  the  extrava- 
gance practiced  in  Europe  in  building  tunnels  :*  I  believe  that  many  of 
our  members  have  from  experience  found  that  it  is  cheaper  in  large  cuts, 
where  the  materials  proved  to  be  of  various  formations,  to  build  an  arch 
over  the  track  and  convert  the  same  into  a  bunnel ;  thus  by  the  first  out- 
lay saving  much  expense  in  keeping  the  track  clear  of  rock  and  debris. 
and  making  such  places  absolute  Lj    »  cure  from  danger. 

It  will  be  economy  now  to  improve  our  railways  and  make  them  per- 
fect :  the  interest  on  the  money  required  to  accomplish  this  would  be  a 
small  item  as  compared  with  the  saving  in  the  running  expenses.  In 
Europe  the  cost  of  maintenance  of  way  is  small  as  compared  with  ours, 
solely  the  result  of  having  built  their  railroads  well  and  substantially. 

Mi:.  W'ili.iwi  I'.  Sitinn.  —  I  recently  noticed  in  an  extract  from  a 
report  of  the  Chairman  of  the  Directors  of  the  Great  Western  Et'y  of 
Canada,  published  in  anEnglish  journal,!  an  announcement  to  the  stock- 
holders that  a  Large  number  of  American  locomotives  had  been  contracted 
for,  and  lie  stated  that  on  that  line  2  American  Locomotives  would  do 
about  the  work  of  '■'>  English.  This  from  an  Englishman,  to  English 
holders,  and  in  an  English  paper  is  certainly  a  very  broad  admission 
of  facts  in  favor  of  the  American  Locomotive. 

Mi;.  W.  Mxlnob  Roberts. — Some  ten  years  ago  [was  engaged  in  build- 
ing a  railroad  in  Brazil  from  Rio  Janeiro  passing  out  to  the  Sierra  moun- 
tains. The  first  50  miles  had  been  constructed  by  English  capital,  engineers 
and  contractors,  who  introduced  Englishcars  and  locomotives.  We  were 
to  extend  the  Line  from  the  foot  over  the  mountain;  grades  of  90  feet  to 
the  mile,  and  curves  of  8  were  required,  similar  to  the  Pennsylvania 
R.R.  from  Altoona  to  the  Summit.  Our  engineer  urged  the  company  to 
introduce  American  rolling  stock.  I  hail  presented  to  the  officers  of  the 
line  some  tine  drawings  of  Baldwin's  locomotives,  and  they  were  xtry 
much  pleased  with  the  general  appearance  of  the  engines,  evidently 
much  superior  to  that  of  the  English.  The  result  was  that  a  number  of 
American  locomotives  and  passenger  cars  were  ordered. 

Afterwards  while  the  large  tunnel,  1A  miles  long,  on  the  upper  part  of 
the  mountain,  was  being  built  it  was  necessary  to  lay.  for  use  but  two 
years,  about  2^  miles  of  temporary  track,  with  grades  about  250  feet  per 
mile,  and  deflections  of  25  per  hundred  feet.  Upon  this  short  line  the 
locomotives  then  in  use  would  not  run.     A  special  locomotive  was  ob- 

*  Vol.  Ill,  page  62.  t  The  •' Engineer,"  London. 
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tained  from  Philadelphia  which  carried  freight  and  passengers  over  tl 
grades  and  curves  without  detention  or  accident  ;  all  the  American  loco- 
motives would  run  over  8C  curves,  while  the  English  would  not,  their 
bearings  being  coupled  wide  apart  :  they  would  leave  the  track  or  stick, 
and.  eonsequeutlv  were  not  used  at  all  on  the  mountain  division. 
The  four- wheel  English  freight  cars  weir  used  on  the  line  during  my 
seven  years  residence  in  the  country,  but  fur  the  short  English  passenger 
car-.  American  cars  were  substituted. 

The  American  system  of  building  railroads  was  also  adopted,  resulting 
in  a  cost  for  construction  25  per  cent,  less  than  the  estimates  of  the 
English  engineers  and  contractors.  They  had  fixed  their  prices  for  the 
work,  supplied  their  men  with  tools,  Arc,  and  otherwise  aided  them. 
Our  American  contractors,  after  finishing  this  road,  undertook  similar 
work  at  25  per  cent,  less  price,  furnishing  their  own  tools,  and  that  their 
system  of  doing  work  was  much  more  economical  than  the  other  was 
afterwards  fully  acknowledged  by  the  English  managers. 

Mb.  William  P.  Shixx. — Referring  to  one  remark  of  Mr.  Slataper 
I  would  suggest  as  a  proper  subject  for  experiment  the  possibility,  so  far 
as  wear  and  tear  upon  the  track  is  concerned,  of  improving  freight  cars 
by  the  use  of  better  springs.  A  year  or  more  ago  it  was  stated  to  me  as 
the  result  of  experiments  made  with  a  lever,  one  end  placed  under  the 
ordinary  fish-plate  joint  of  a  rail,  and  the  other  end  carrying  a  pencU 
to  mark  the  deflection,  that  the  truck  of  a  20-ton  sleeping  car  caused 
a  deflection  less  than  did  the  truck  of  a  freight  car  of  equal  weight, 
although  the  speed  was  much  less.  It  was  stated  that  the  experi- 
ment had  been  tried  many  times  and  for  several  days  on  all  the  trains 
passing  over  certain  joints,  and  the  conclusion  was  that  the  different 
effects  were  due  to  the  springs  of  the  cars.  It  is  well  known  to  those 
having  to  do  with  the  ecpiipment  of  railways,  that  the  springs  of  freight 
cars  are  generally  very  poor,  and  that  some  cars  have  scarcely  any. 


OX    TESTS    AXD    TESTIXt.    MAi'HTXES." 

Mb.  Alexaxdei;  L.  Holley. — For  the  reason  that,  to  a  great  extent, 

the  American  Society  of  Civil  Engineers  is  a  parent  of  the  government 

commission  to  test  iron,  steel  and  other  metals,  it  has  an  undoubted  right 

to  expect  a  report  from  that  Board.     It  would  seem  proper  that   we  of 

the  commission  should  now,  at  tins  preliminary  stage  of  operation-,  come 

*  Referring  to— Reports  on  Testa  of  American  Iron  and  St.  1,  W.  s.  Smith,  Chairman  of 
Committee,  and  on  a  Testing  Laboratory.  O.  Chanute,  Chairman  of  Committee,  Proceedings 
Vol.  I,  pages  222  and  -I'M:  and  to  LXX.MI.  Mechanical  Properties  of  Materials  of  Construction, 
R.  H.  Thurston,  Vol.  Ill,  page  1. 
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to  tlie  Society  for  counsel  rather  than  waste  time  in  telling  what  is  pro- 
posed to  be  done;  there  are  certain  points  upon  which  your  advice  would 
be  particularly  useful,  and  a  brief  account  of  what  the  Board  has  al- 
ready done  may  be  of  interest. 

One  of  the  first  subjects  taken  up  was  the  relation  between  chemical 
and  physical  tests,  and  it  was  unanimously  decided  that  these  should  be 
associated  in  all,  or  nearly  all  cases.     I  d<  >  m  it  think  that  this  heretofore  has 
been  done  by  any  government  commission;  certainly  not  in  this  country 
by  any  individual   or  society  testing  iron  and  steel.      However,   in  Bel- 
gium and  France  it  is  done,  but  not  to  the  extent  which  the  present 
state  of  constructive  science  demands.     Kirkaldy,  Fairbairne,  Barlow  and 
others  who,  experiment  upon  this  subject   in  England,   practically  say 
"  Here  is  a  piece  of  iron   or  steel   that   has  such  and  such  tensional  and 
compressive  resistances  and  so  much  elasticity  and  is  adapted  to  such 
and  such  uses."        What  the  metal  is  —how  or  of  what  it  is  made,  so  that 
it  may  be  reproduced-   -they  do  nut  state.     They  give  everything  but  the 
key  by  which  alone  their  information  could  lie  made  useful.      The  Board, 
on   the   contrary,    when   it    has   by   a    great   number  of  mechanical   test- 
found  that  certain  grades  of  iron  ami  steel  are  adapted  to  certain  u 
proposes  to  make  thai  knowledge  practical  ami  serviceable  to  constructors, 
and  to  the  people  at    large,   by  ascertaining  the  exact   composition  of 
each  grade  of  metal,  so  that   these  useful  qualities  may  he  reproduced  as 
often  as  required.      When  this  Board  has  made  many  physical  tests,  like 
those  of  Kirkaldy  and  others  abroad,  ami   has   published   the    tact    that 
grades  of  metal  adapted  to  i'\rry  kind  of  stress  and  variety  of  structural 
service  have  been  found,  members  of  this  Society  and  the  profession  at 
large  will  say  :  "This  is  just  what  we  have  been  waiting  so  long  to  know. 
Tell  us  all  about  it,  as.  for  instance,  what  is  the  metal  that  is  best  suited 
for  the  links  of  a  bridge  ?"  Suppose  that  the  Board  for  lack  of  chemical 
tests,  should  be  compelled  to  reply  :     "We  do  not  know  what  the  metal 
is.     A  piece  was  tested  that  possessed  all  these  qualities,  but  we  do  not 
know  anything  else  about  it,  or  how  to  reproduce  it."     Surely  the  public 
might  then  fairly  ask  of  what  use  is  the  commission,  after  all  ? 

Skill  fid  steel  makers  here  and  elsewhere  will  agree  with  me  in  the 
statement  that,  by  means  of  careful  and  scientific  synthesis,  all  known 
physical  qualities  in  steel  can  lie  reproduced; — that  is,  by  putting 
into  steel  the  chemical  constituents  which  are  always  associated  with  such 
qualities,  and  that  these  ingredients,  such  as  carl  ion.  manganese,  phos- 
phorus and  silic<  in  can  be  incorporated  or  reduced  to  proportions  within 
a  few  hundredths  of  one  per  cent. 
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The  commission  has  employed  as  chemist,  Mr.  Blair,  of  the  firm  of 
Chanvenet  &  Blair,  of  St.  Louis,  generally  recognized  by  steel  makers  as 
reliable  chemists,  and  especially  skillful  analysts.  He  will  occupy  a 
laboratory  at  Watertown  Arsenal,  Mass.,  about  the. middle  of  July.  A 
circular  has  been  issued  to  iron  and  steel  makers  requesting  them  to  send 
such  liars  as  the  existing  testing  machines  are  prepared  to  test  ;*  the 
bars  to  vary  as  nearly  as  possible'by  one-tenth  per  cent,  of  carbon,  to  be 
alike  in  other  ingredients,  and  hundreds  of  physical  experiments  will  be 
made  upon  them  so  as  to  determine  the  physical  characteristics  produced 
by  the  different  proportions  of  carbon.  After  tests  of  the  carbon  series 
are  complete,  it  is  proposed  to  similarly  examine  the  effects  of  the  other 
chemical  elements  which  affect  the  character  of  steel. 

A  testing  machine  of  400  tons  capacity  has  been  ordered,  and  it  is  the 
intention  of  the  Board  to  obtain  a  very  much  larger  one  when  this  is 
proved  correct,  probably  one  of  2  000  tons  capacity  and  capable  of  tak- 
ing in  an  end  post  of  a  bridge,  or  in  some  cases  the  whole  bottom  chord. 
The  machine  ordered  is  after  the  plan  of  Mr.  Albert  H.  Emery;  the 
measuring  part,  which  is  the  only  difficult  part,  is  considered  perfect  ; 
and  it  has  practically  so  proved,  so  far  as  the  weighing  scale  made  on  this 
principle  has  been  tested.  This  scale  is  an  inverse  hydrostatic  press,  and 
is,  doubtless,  familiar  to  many  present.  As  the  commission  was  not  abso- 
lutely sure  that  this  device,  with  its  several  refinements,  would  answer 
under  aU  circumstances,  there  is  to  be  attached  to  the  machine  a  neat  and 
ingenious  measuring  contrivance  of  Mr.  Charles  E.  Emery,  which,  as  he 
is  present,  I  will  leave  for  him  to  explain. 

A  point  covered  by  resolutions  of  the  Board,!  not  intended  to 
be  absolutely  final,  upon  which  the  opinion  of  the  Society  would  be  very 
valuable,  relates  to  the  impersonality  of  tests,  if  I  may  use  tins  expres- 
sion ;  the  names  of  iron  and  steel  makers  who  furnish  material  to  be 
tested  are  not  to  be  published  in  connection  with  the  experiments  certi- 
fied to  by  the  Board.  From  a  scientific  point  of  view,  the  personal, 
element  does  not  appear.  If  it  is  stated  from  whence  the  specimens 
come,  the  metal  makers  as  well  as  the  Board  may  be  placed  under  embar- 
rassment. Samples  of  steel  manufactured  in  England  by  Turton,  one  of 
the  best  makers  in  the  world,  when  hardened  in  oil  and  tested,  bore  some 
260  000  pounds  tensile  strain.  Now,  hearing  this,  the  general  public  will 
naturally  say,  that  steel  which  stands  only  60  000  pounds  must  be  of  very 
poor  quality,  when  in  fact  a  boiler  plate  steel  of  the  latter  grade  ma\  be 
as  difficult  to  make,  and  composed  of  as  choice  material. 

*  Proceedings.  Vol.  I,  page  271,  (IV).  t  Do.,  page  '273,  (VI). 
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The  Board  proposes,  in  due  time  to  establish  a  system  of  public  tests. 
which  doubtless  was  intended  by  Congress  in  creating  the  commission 
and  is  of  very  great  importance.  'The  testing  machines  and  skilled  ex- 
perimenters of  the  Board   will  be  put  at  the  service  of  any  one  who 

has  metal  to  test  ;  he  may  make  his  own  reports  and  have  all  the  benefits 
the  Board  can  give  except  its  opinion  as  to  the  merits  of  the  special 
product  tested. 

Many  subjects  have  been  noted  for  consideration  by  the  commis- 
sion, some  of  which  of  course  cannot  be  taken  up  for  a  long  time  to 
come  :  however,  it  is  the  opinion  of  the  Board  that  no  results  should  he 
given  out  or  published  as  matured  conclusions  until  it  is  certain  from  a 
very  large  nuinber  of  experiments  that  they  are  correct.  Surely  the  work 
of  a  commission  appointed  under  such  auspices  as  this  was  and  expected 
to  be  of  real  service  to  the  profession  and  the  country,  should,  abov< 
all  things,  be  thorough. 

Now.  the  practical  question  I  would,  on  behalf  of  the  commission, 
submit  to  this  Society  is.  what  can  he  done  to  now  obtain  results  which 
shall  be  of  real  service  ?  I  will  turn  to  the  list  of  subjects*  assigned  to 
committees  of  the  Board  and  with  regard  to  this,  remark  upon  each. 

"Abrasion  and  Wear."  This  is  very  important,  but  the  Board 
thought  that  as  special  machinery  would  he  required,  at  present  it  could 
not  be  undertaken.  Mr.  .lames  Price,  in  1871,  read  a  paper  before  th< 
Institution  of  Civil  Engineers  on  the  Testing  of  Bails. f  in  which  was 
described  a  revolving  machine  for  that  purpose;  the  machine  was  pat- 
ented in  this  country  some  15  years  ago,  and  was  long  before  suggested 
in  England.  Mr.  Trice  used  it  with  very  good  results.  The  railway 
companies  would,  I  believe,  furnish  such  a  machine  and  provide  tor  tin 
experiments,  hut  early  results  cannot  be  Looked  for. 

"Armor  Plates"  and  '•Chains  and  "Wire  Ropes."  It  is  hardly  worth 
while  to  speak  of  these  now  ;  the  subjects  belong  to  a  department  of  the 
government  and  there  is  no  need  of  haste. 

"Chemical  Research."  This  has  been  referred  to;  partial  results 
may  be  obtained  soon,  which  though  not  final,  will  be  valuable. 

"Corosion  of  Metals."  and  "Effects  of  Temperature."  These  evi- 
dently will  require  much  time. 

"Girders  and  Columns."  There  is  much  difference  of  opinion  re- 
garding the  necessary  completeness  of  a  report  on  this  subject.  So  far 
as  the  commission  has  discussed  it,  the  opinion  is.  that  since  many  im- 
mature results  have  heretofore  been  published,  it  is  best  not  to  present  a 

*  Proceedings,  Vol.  I,  page  22a.  t  Minutes  of  Proceedings,  Institution  of  Civil  Engineers, 
Vol.  XXXII,  page  192. 
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report  until  a  final  one  can  be  made,  and  that  a  partial  report  would  not 
be  sufficiently  comprehensive  to  be  of  real  value. 

■■  Malleable  Iron, "  "Cast  Iron,''  and  "Steel  produced  by  modern 
Processes."  These  are  more  or  less  covered  by  the  chemical  tests  already 
menti<  med. 

••  Metallic  Alloys."  When,  this  can  be  taken  into  consideration,  will 
depend  on  circumstances. 

"Orthogonal  Strains  "  and  "  Physical  Phenomena."  Nothing,  per- 
haps, need  be  said  at  present  about  these. 

" Reheating  and  Rerolling."  Something  maybe  done  in  this  de- 
partment by  the  aid  of  manufacturers. 

•■  Steel  for  Tools. "  This  is  a  subject  on  which  progress  can  be  re- 
ported without  waiting  for  final  results. 

Mr.  Charles  Macdonai/d. — It  is  of  great  importance  to  the  success 
of  the  effort  made  to  obtain  accurate  and  comprehensive  tests  of  mate- 
rials, that  the  early  steps  taken  by  the  commission  appointed  for  this  pur- 
pose be  such  as  shall  convince  the  general  public  of  the  need  for 
sin-h  investigations.  The  committee  of  the  Society  entrusted  with  secur- 
ing national  aid  for  these  trsts  found  that  the  strongest  argument  to  be 
advanced  was  based  on  the  practical  results  to  follow  a  determination  of 
the  actual  strength  of  tire  rolled  I  beams  now  extensively  used  in  the  con- 
struction of  tire-proof  buildings.  It  was  --aid  that  this  might  be  done 
without  expensive  testing  machinery;  and  in  fact  with  a  few  tons  of  pig- 
metal  and  a  judicious  selection  of  beams  from  the  different  makers, 
tables  of  the  strength  of  all  the  various  sections  in  ordinary  use  might 
be  deduced,  the  value  to  the  government  of  which,  alone,  if  nothing  else 
was  done  by  the  commission,  would  far  exceed  its  expenditure,  and  the 
public  atlarge  would  lie  greatly  benefited.  The  importance  of  verifying 
the  arguments  made,  by  such  results  as  have  been  thus  indicated  cannot 
be  too  strongly  urged  upon  the  Board.  Afterwards  more  expensive  and 
elaborate  experiments  may  be  entered  upon  ;  but  in  this,  as  in  most 
original  investigations,  attention  must  be  paid  to  the  education  of  public 
opinion. 

Mi:.  ('.  Shaeer  Smith — I  would  add  to  what  Mr.  Holley  has  said 
in  regard  to  tests  of  iron,  that  there  is  yet  another  fact  to  be  ascertained 
in  relation  to  the  behavior  of  iron  under  strain — to  wit,  the  varying  effect 
of  distortion  of  fibre  as  produced  by  different  methods  of  rolling. 

Examine  the  tables  of  experiments  made  on  French  or  English  rolled 
1  beams  to  determine  their  .transverse  strength,  and  the  ultimate  strength 
as  well   as  the   elastic   limit  will  be  found  much  lower  than  the   results 
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obtained  in  testing  the  beams  made  at  Phcenixville  or  Trenton  in  this 
country.  I  speak  of  these  in  particular,  because  a  greater  number  oi 
experiments  have  been  made  and  recorded  in  reference  to  them  than  to 
other  American  beams.  Between  the  qualities  of  the  iron  in  the  foreign 
and  American  beams  there  will  be  found'little  or  no  difference — but  a 
very  marked  difference  in  the  methods  of  rolling — the  fibres  being  vio- 
lently distorted  in  the  European  beams  and  but  slightly  so  in  the  Amer- 
ican beams.  It  is  clear  then  that  this  non-distortion  of  fibre  is  the  prin- 
cipal reason  for  the  greater  transverse  strength  of  the  American  beams. 

I  am  also  of  the. opinion  that  this  matter  of  fibre  will  appear  to  some 
extent  in  the  column  tests,  as  in  experimenting  with  two  well-known 
patent  columns  I  have  found  thai  the  column  with  the  curved  surfaces 
lias  invariably  given  better  results  than  the  one  with  angular  surfaces, 
even  \\  hen  they  w  ere  riveted  in  precisely  the  same  manner.  I  would  sug- 
gest, therefore,  that  in  the  beam  t  ssts  the  commission  should  give  the 
methods  of  rolling  and  relative  distortion  of  fibre  a  careful  considerate  >n, 
and  make  these,  as  also  the  relative  hardness  of  the  specimens,  subjects 
for  observation  in  the  column  tests. 

One  other  matter  I  doubt  the  wis  lom  of  withholding  the  results  of 
the  iron  tests  until  all  are  completed.  There  are  many  of  us  who  hav< 
already  made  and  will  still  be  making  many  independent  t  ssts  of  the 
same  shapes  that  will  be  tested  by  the  commission,  and  if  the  results  oJ 
the  commission's  experiments  are  published  from  time  to  time.  thes< 
will  be  compared  with  records  which  have  already  formed  the  bases  oi 
formulas,  and  our  coefficients  corrected  if  necessaiy,  lone-  before  the  pub- 
lication of  the  final  report.  This  publication  of  results  will  also  aid  the 
commission,  as  I  will  illustrate.  Suppose  it  tests  a  special  shape  of 
column  at  10  and 20  diameters,  and  some  member  who  has  already  tested 
the  same  shape  at  L5  and  45  diameters  finds  that  a  certain  coefficient  ex- 
presses the  strength  ratio  for  all  four  experiments,  he  communicates  it 
t  >  the  commission,  and  in  the  light  of  this  information  the  remaining 
trials  of  that  shape  can  be  much  more  intelligently  made. 

I  am  of  the  opinion,  therefore,  that  the  commission  should  select  the 
most  generally  used  shapes  of  beam  and  column  for  their  first  experi- 
ments, unite  in  its  reports  what  has  been  put  under  heads  c  and  g* 
and  publish  tabulate  1  results  of  tests,  nun  time  to  time  as  made,  reserv- 
ing any  report  or  opinion  until  the  clos    of  the  work. 

Mi;.  AiEXANDEB  L.  Holley. — -The  different  methods  of  rolling  beams 
in  France  and  this  country  was.  I  believe,  before  the  Hoard,  and  referred 


*  That  is— "  On  Chei  trch  "  and  "  On  Gir  olumns.' 
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for  consideration  to  Section  M  "On  Reheating  and  Rerolling" — th< 

title  of  which  does  not  fully  cover  the  ground  intended. 

Mb   Charles  E.  Emery. — As  has  been  stated,  the  U.  S.  Commission 

for  Testing  Iron  and  Steel  has  decided  to  add  to  the  machine  of  another 
competitor,  certain  features  of  a  machine  submitted  by  me  "While  I  do 
not  feel  authorized  to  describe  the  machine  as  adopted  by  the  Board,  in 
advance  of  its  own  publications  relating  thereto  and  without  the  permis- 
sion of  the  other  competitor,  I  take  pleasure  in  briefly  describing" the 
general  construction  of  the  machine  submitted  by  me.  and  trust  that  it 
will  be  found  of  interest. 

I  proposed  to  impose  the  strains  by  means  of  hydraulic  pressure  and 
to  measure  the  same  by  ascertaining  the  intensity  of  the  pressure  in  the 
hydraulic  cylinder.  My  special  devices  were  such  that  they  could  be  ap- 
plied to  the  straining  end  of  the  other  machine  which  was  provided  with 
independent  weighing  apparatus  of  a  delicate  character. 

The  following  description  of  my  machine  I  read  from  the  specifica- 
tions submitted: 

"The  specimen  to  be  tested  and  the  hydraulic  cylinder  are  placed 
horizontally,  the  ram  of  latter  being  directed  away  from  the  specimen."' 

"  At  the  two  sides  of  the  machine  are  two  heavy  cast  iron  struts,  the 
stability  of  which  is  assured  by  connections  cast  thereon  forming  part  of 
a  bed-plate  extending  under  the  whole  machine.  The  struts  are  at  each 
end  connected  by  ordinary  cross-girders  of  cast  iron,  one  of  which  is  cast 
on  the  base  of  the  hydraulic  cylinder.  The  hydraulic  ram.  in  the  outer 
end  of  the  hydraulic  cylinder,  connects,  through  an  outer  crosshead,  to 
two  large  wrought  iron  bolts  which  pass  back  either  side  of  the  cylinder 
and  terminate  in  long  screws  which  lie  just  within  and  parallel  to  the  two 
side  struts.  The  couplings,  connecting  side  rods  to  screws,  are  located  so 
that  buffers  on  same  will  strike  cross-girders  on  hydraulic  cylinder  and 
prevent  the  ram  from  recoiling  out  of  the  cylinder.  Attached  to  the 
screws,  so  as  to  be  longitudinally  adjustable  thereon,  is  an  intermediate 
crosshead,  between  which  and  the  hydraulic  cylinder,  crushing  strains  are 
to  be  applied,  and  by  connection  to  which  and  the  back  end  of  the  frame 
tensile  strains  are  to  be  imposed.'" 

Omitting  minor  details,  I  will  state  that  the  weight  of  all  moving  parts 
was  to  be  carried  upon  rollers.  The  adjustments  of  the  machine  were  to 
be  made  by  steam  power;  to  accomplish  which  a  drum,  operated  at  will 
in  either  direction  by  a  prime  mover,  was  to  be  located  above  the  rear 
crosshead,  with  its  axis  parallel  to  that  of  the  machine,  from  which  drum 
a  belt  was  to  be  led  down  to  a  pulley  on  the  rear  crosshead,  which,  by 
suitable  years  and  clutches,  could  lie  made  to  revolve  the  pulling  screws. 
By  chocking  the  outer  crossheal  and  revolving  the  screws,  the  in- 
termediate  crosshead   could   be   adjnste:!    to    length    of   specimen,  and 


272 

by  chocking  the  intermediate  crosshead  and  revolving  the  screws  the 
main  ram  could  be  retracted. 

As  before  stated,  the  strains  were  to  be  measured  by  ascertaining  the 
pressure  in  the  hydraulic  cylinder,  and  an  important  feature  adopted  by 
the  Board  was  the  means  provided  to  overcome  the  friction  of  the  hy- 
draulic packings,  the  details  of  which,  illustrated  by  suitable  drawings, 
I  shall  at  an  early  day  take  pleasure  in  laying  before  the  Society. 

Tile  hydraulic  pressures  were' to  be  measured  by  means  of  a  gauge, 
also  adopted  by  the  Board,  in  which  the  pressure  was  received  on  a  pis- 
til i  of  one  inch  area  arranged  to  lift  a  deep,  narrow  float  out  of  a  cylinder 
containing  mercury.  The  weight  of  the  float  and  attachments  was  to 
5pond  to  the  maximum  pressure  per  square  inch.  With  no  pressure 
on  the  gauge,  the  whole  of  the  weigh!  would  l>e  balanced  by  the  upward 
pressure  of  the  mercury  on  the  bottom  of  the  float,  but  as  pressure  was 
applied  to  the  ram,  tic  llo.it  would  be  lifted  and  a  portion  of  the  weight 
become  unbalanced  proportioned  to  the  decrease  in  the  submersion  of 
the  float  and  exactly  equal  to  the  pressure  on  the  ram.  The  specifica- 
tions state  that  -;  The  ratio  of  the  annular  space  about  the  plunger  to  the 
area  of  latter  it  is  proposed  to  make  such,  that  when  the  plunger  ri 
inches  the  mercury  will  run  down  loo  inches.  Hence  it  follows  that  by 
applying  a  glass  gauge  to  the  cistern  the  pressures  ma\  he  read  on  a 
ion  inches  high,  while  the  motion  of  the  plunger  may  be  transferred  to  a 
diagram  which  will  show  the  same  pressures  on  a  scale  s  inches  high. 
By  this  plan  the  movements  are  rigidlj  proportioned  to  the  pressures, 
with  so  large  a  scale  for  observation  it  is  believed  that  a  degree  of 
accuracy  may  be  attained  hitherto  thought  impracticable  with  hydraulic 
machinery.  The  practicability  of  taking  accurate  diagrams  is  very  valu- 
able, as  it  will  facilitate  the  work,  enable  the  character  of  the  material 
under  test  to  he  ascertained  at  a  glance,  ami  not  onl\  check  all  errors  of 
observation  of  the  gauge,  but  probably  he  sufficiently  accurate  to  form 
the  ,»nl\  record  required  for  most  purposes." 

Me.  William  Mktcalf. — During  the  late  war,  under  the  specifica- 
tions given  by  the  CJ.  S.  Army  and  Navy  Ordnance  Departments,  guns 
could  have  been  furnished  which  were  utterly  unfit  for  service:  and 
similarly  it  may  be  said,  without  disparagement  to  the  gentlemen  who 
had  charge  of  that  great  work— the  St.  Louis  bridge  -that  the  specifica- 
tions relating  to  the  steel  required  could  have  been  satisfied  with  material 
unsuitable  for  the  structure,  because  those  who  prepared  the  specifica- 
tions depended  upon  their  knowledge  of  the  ultimate  stress  of  steel  and 
what  is  deemed  the  limit  of  elasticity,  while  they  were  practically  igno- 
rant of  the  effect  of  the  chemical  composition  of  the  material  they  de- 
scribed, and  were  to  use. 
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It  is  well  known  to  manufacturers  that  the  .strength  of  iron  and  steel 
can  1  »e  varied  from  50  to  150  per  cent,  and  even  to  500  per  cent  .  1  >y 
changing,  within  very  small  limits,  the  amount  of  carbon  in  the  material, 
and  for  that  reason  the  investigation  the  government  commission  is  about 
to  take  up  is  very  important.  It  Avill  relieve  me  from  much  work,  for  in 
connection  with  the  Crescent  Steel  "Works  of  this  city  and  two  or  three 
chemists,  nearly  a  year  ago  I  had  begun  a  series  of  experiments  for 
physical  and  chemical  tests  and  a  system  of  mechanical  researches  to 
develop  the  laws  of  the  mechanical  properties  of  cast  iron  and  steel, 
which  are  invariable,  and  can  be  determined  ami  recorded,  so  that  an 
engineer  may  know  exactly  what  to  expect  from  any  combination  in  these 
metals  of  the  ordinary  elements  contained. 

In  regard  to  the  application  of  steel  to  constructions,  recent  utter- 
ance^ state  with  much  force,  on  the  one  hand,  the  numerous  and  various 
successes  attained;  and  on  the  other,  some  apparent  failures.  In  neither 
case  do  the  parties  analyze  closely  the  reasons  for  the  growth  of  the  ap- 
plication, or  the  causes  of  alleged  failures. 

I  will  here  try  to  explain; — First — the  superior  adaptability  of  steel 
to  purposes  of  constructions,  to  show  that  its  chemical  proportions  and 
mechanical  properties  may  be  controlled  perfectly,  so  as  to  obtain  the 
maximum  of  resistance  in  every  case,  and  Second — to  give  the  cause  of 
certain  failures,  and  the  means  to  be  used  to  prevent  them. 

In  order  to  understand  clearly  what  is  to  foUow,  it  will  be  well  to  have 
a  better  definition  of  the  term  steel  than  that  usually  given,  viz.  :— 
"  That  steel  is  iron  which  contaius  more  carbon  than  wrought  iron,  and 
less  carbon  than  cast  iron."  When  steel  was  produced  only  from  wrought 
iron  by  conversion  and  hammering,  or  rolling  ;  or  after  Huntsman's  in- 
vention, by  melting  in  small  masses  from  crucibles,  and  was  used  chiefly 
as  the  means  of  shaping  wrought  iron  and  cast  iron,  these  latter  being 
used  exclusively  for  constructions,  the  above  definition  was  good  enough. 
Since,  however,  the  genius  of  Krupp  has  produced  such  enormous 
masses  of  crucible  steel,  the  invention  of  Kelly  and  the  skill  of 
Bessemer,  have  given  us  what  is  known  as  Bessemer  steel  :  and 
Siemen's  wonderful  furnace,  supplemented  by  Martin's  application, 
has  made  the  open  hearth  or  Siemen's-Martin  steel  to  rival  Bessemer, 
the  status  of  steel  is  entirely  changed.  It  is  no  longer  the  mere  auxiliary 
of  wrought  an  1  cast  iron,  but  it  is  replacing  them  both  very  rapidly  and 
is  becoming  the  article  to  which  the  others  must  subserve. 

As  the  low  grades  of  steel  contain  less  carbon  than  some  wroughl 
irons,  the  old  definition  fails;  and  in  forming  a  new  one,  if  we  disregard, 
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as  being  unimportant,  the  almost  disused  blister,  or  German  steel,  asan 
article  of  commerce,  all  varieties  of  steel  may  be  included  under  the  fol- 
lowing definitions  :  Steel  is  irou  which  has  been  produced  by  fusion, 
and  which  may  be  forged.  The  first  clause  distinguishes  it  from  wrought 
iron,  and  the  second  from  cast  iron. 

Steel  is  better  adapted  for  constructions  than  wrought  iron  for  these 

reasons:     First — it    is   uniform   in    structure    in    masses   of    any    size: 

-/ — large  masses  of  steel  may  he   produced  at  less  cost  than   equal 

masses  of  wrought  iron;  and  Third-  it  can  be  regulated  in  composition, 

so  thai  the  maximum  resistance  can  1"'  obtained  for  any  form  of  strain. 

Any  well  melted  ingot  of  steel  will  be  so  nearly  uniform  in  structure, 
that  subsequent  hammering  or  rolling  will  make  it  practically  so  througU- 
ont.  The  only  variations  in  structure  to  which  an  ingot  is  liable,  are  the 
slight  difference  in  density  between  the  top  and  bottom  ends,  and  the 
roughness  of  the  upper  or  pipe  end,  which  must  always  be  cut  off  when 
the  steel  is  sound.  Aji  ingot  of  steel,  weighing  a  number  of  tons,  is  as 
easily  produced  as  one  weighing  a  few  hundred  pounds,  and  when  prop- 
erly made  it  is  not  to  be  suspected   of  had  welds  or   inclosed  cinder,  but 

iund  and  i  li  an  throughout. 

A  corresponding  mass  of  wrought  iron  would  cost  much  more  in  labor 
and  time  than  the  steel,  and  is  liable  to  every  defect  possible  to  unskillful 
or  careless  workmanship.  The  wrought  iron  when  produced  must  be 
simply  wrought  iron,  of  whatever  strength  its  parts  are  able  to  give,  and 
must  be  practically  the  same  in  composition  for  all  sorts  of  applied 
-trains  :  but  it  is  well  known  that  the  ability  of  iron  to  resist  stress  may 
be  very  greatly  increase. 1  or  diminished,  simply  by  varying  the  quantity 
of  carbon  it  contains,  other  things  being  equal.  Inasmuch,  however,  as 
in  wrought  iron  the  quantity  of  carbon  is  not  to  be  certainly  ascertained 
or  easily  regulated,  in  the  ordinary  process  of  manufacture,  it  is  generally 
desirable  to  have  in  it  as  little  as  possible,  and  to  make  up  for  its  absence 
by'an  increase  in  the  quantity  of  iron  used. 

With  steel  the  case  is  entirely  different,  the  quantity  of  carbon  neces- 
for  any  specific  purpose  may  be  easily  obtained,  and  before  the 
ingot  is  forged,  the  proportion  of  carbon  it  contains  may  be  ascertained 
within  very  narrow  limits  by  an  experienced  eye.  The  structure  of  an 
ingot  is  so  affected  by  minute  quantities  of  carbon  that  average  differ- 
ences of  a  tenth  of  one  per  cent,  are  very  easily  observed,  and  the  char- 
acteristics of  structure  are  so  certain  and  uniform  in  all  ingots,  that  there 
is  no  room  for  doubt  as  to  the  quantity  of  carbon  within  this  limit,  where 
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the  steel  contains  sufficient  carbon  to  take  a  temper,  but  below  that  de- 
gree  the  differences  of  structure  are  not  quite  so  marked,  although  the 
manufacturer  may  proceed  in  bis  work  with  certainty. 

It  is  a  fact  that  iron  is  affected  greatly  in  all  of  its  properties  by  the 
quantity  of  carbon  it  contains.  The  ability  of  cast  iron  to  resist  strain 
depends  largely  upon  the  amount  of  carbon  in  the  iron;  the  resistance 
increases  with  the  increase  of  carbon  to  a  certain  point  and  then  decreases 
rapidly,  as  the  carbon  increases  beyond  that  point.  Steel  exhibits  in 
this  respect  the  same  characteristics  as  cast  iron,  and  we  have  only  to 
make  a  few  sets  of  tests  of  the  mechanical  properties  of  the  various  tem- 
pers of  ingots  so  well  known  to  manufacturers,  to  be  able  to  lay  down 
the  law  of  resistance  of  iron  or  steel,  as  affected  by  carbon,  from  the 
lowest  degree  of  carbonization  to  the  highest. 

From  the  parallelism  of  the  properties  of  cast  iron  and  steel,  it  would 
seem  that  steel  is  probably  iron  containing  carbon  within  the  limits  of 
saturation,  and  that  cast  iron  is  more  than  saturated  with  carbon,  so 
that  excess  of  carbon  prevents  the  iron  from  being  malleable  and  greatly 
reduces  its  strength.  Against  this  it  may  be  urged  that  from  the  loAvest 
cast  iron  to  the  higher  degrees,  the  resistances  to  different  strains  vary  very 
much  as  they  do  in  the  several  tempers  of  steel,  and  therefore  that  they 
are  parallel  products,  and  that  there  are  two  minimum  and  two  maximum 
points  of  strength  in  the  range  of  carbonization;  or  else  that  there  are 
tw<  i  alloys  of  iron  and  carbon  in  which  the  nature  of  the  carl  ><  >n.  or  its  con- 
t  ditions,  differ  ;  the  one  represent- 

ed by  steel  and  the  other  by  cast 
.'-''  * "~~-j6  iron.  In  either  case  we  would  have 

!     .-''              "\  a  wave,   or  two  arches  of  strain 
\y if 

c  d-       ~  resistances,   on    different   planes. 

Thus  let  x  represent  the  strains  in  pounds,  and  y  the  amount  of  car- 
bon ;  the  curve  a  b  will  illustrate  an  arch  of  strain  resistances  of  steel ; 
then  assuming  cast  iron  to  begin  in  the  carbon  scale  where  steel  ends, 
the  vertical  line  b  c  drawn  through  the  point]  of  failure  of  the  highest 
temper  of  steel,  would  represent  the  fall  to  the  lowest  degree  of  cast  iron, 
and  from  that  the  curve  c  d  will  illustrate  the  arch  of  jstrain  resistances  for 
east  iron.  These  curves,  or  arches  of  strain  resistances,  may  be  obtained 
very  easily  for  each  kind  of  applied  force,  such  as  tensile,  compression, 
transverse,  torsional  and  destructive  vibratory  strains  ;  and  it  is  believed 
that  these  curves  will  be  practically  parallel  for  all  grades  of  steel  ;  the 
terminal  points  a  and  b  only  varying. 
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With  these  curves  in  his  possession,  the  engineer  has  only  to  decide 
upon  the  nature  and  relative  degrees  of  the  strains  any  piece  is  to  be 
subjected  to,  in  order  to  know  what  proportion  of  carbon  in  his  steel 
will  give  the  greatest  resistance  to  these  strains,  and  the  manufacturer 
will  readily  undertake  to  furnish  the  temper  required  within  exceedingly 
small  limit-.  ;  so  that  with  a  given  tensile  strength  as  a  standard  of  excel- 
lence of  the  material,  the  engineer  will  obtain  maximum  results  for 
minimum  weights. 

If  the  Eoregoing  seems  like  mere  speculation,  1  can  only  say  thai  an 
deuce  covering  some  thousands  of  tests  of  cast  iron  in  the  manufac- 
ture of  ordnance,  thoroughly  proved  to  me  thai  such  is  the  law  of  east 
iron,  and  eight  years'  observation  of  the  behavior  of  steel  has  satisfied 
thai   these  two  alloys  of  iron  and  carbon  are  practically  parallel  in 
their  laws  of  structure  and  of  action. 

We  already  have  some  remarkable  continuation-,  of  these  views  in 
regard  to  steel.  Chemical  research  has  proved  thai  the  structure  of  the 
ingot  indicate,  exactly  its  temper  i.  e.,  its  degree  of  carl  ionization  ;  and 
that  this  may  be  determined  by  thi  ;o  determined  and  used  every 

day.  within  limits  of  one-tenth  of  one  percent.  Actual  tots  also  prove 
thai  the  strength  of  steel  is  affected  in  a  \rr\  remarkable  degree  merely 
by  its  temper;  further  tests  are  now  being  made  which  will  give  us 
arches  of  resistance  to  a  variety  of  strains  :  these  will  be  developed  at  an 
early  day,  in  the  hope  that  the  commission  will  take  up  and  complete 
tins  line  of  investigation. 

In  regard  to  the  failure  of  some  of  the  Large  steel  holts  made  for  the 
St.  Louis  bridge,  it  should  be  home  in  mind  thai  this  was  a  first  at- 
tempt in  this  country  to  produce  so  large  masses  for  such  uses,  and  the 
strength  of  the  small  test  pieces  taken  from  the  broken  bars  proved  that 
i  want  of  proper  annealing  was  the  cause  of  the  failures.  But  little  ex- 
perience would  be  required  to  overcome  so  small  a  trouble,  if  the  manu- 
facturer had  had  the  proper  appliances  to  do  such  heavy  work.  The 
vaunted  success  in  producing  some  wrought  iron  holts  in  this  case  is  not 
a  matter  for  boasting;  the  world  is  full  of  experienced  workmen  who 
have  been  making  similar  and  larger  masses  for  many  years,  whereas  an 
application  of  steel  like  this  was  hardly  dreamed  of  twenty  years  ago. 


DISCUSSIONS 

At  the  Seventh  Annual  Convention. 
(Continued  from  page  276.) 


FLEXURE    OF    BEAMS. 


Mr.  Louis  Nickerson. — -Complying  with  the  invitation  to  discuss  the 
Flexure  of  Beams,  I  have  thought  it  best  to  do  so  (the  manner  of 
treatment  being  a  novel  one),  under  cover  of  an  answer  to  the  views 
published  in  connection  with  and  referring  to  my  original  article  of 
June,  1874. 

The  first  remarks  specially  bearing  upon  the  subject  are  those  of 
Prof.  Wood,  viz.:  "The  point  of  greatest  interest  to  me  in  the  paper 
read,  is  whether  the  neutral  axis  is  a  line  or  a  space  as  still  water  between 
opposing  eddies."f  My  answer  to  the  inquiry  will  be  divided  into  two 
parts,  namely,  the  experiment  and  the  demonstration. 

Experiment. — With  an  ordinary  reflecting  polariscope  (used  at  an 
open  window)  the  amount  of  ordinary  light  reflected  from  the  polarizer 
is  probably  equal  to  that  of  the  polarized  light.  Viewing  the  usual 
image  of  the  horizontal  strains,  we  see  a  dusk  opaque  band  of  some 
breadth,  called  the  neutral  axis,  and  above  and  below  this  transparent 
cones  of  bright  colors,  which  lie  in  the  direction  of  the  strains. 

But  we  may  curiously  change  all  this.  By  an  effort  of  the  will,  or, 
as  might  be  said,  by  a  change  of  intention,  which  means  no  more  than 
a  voluntary  alteration  of  the  position  of  the  optic  focus  from  a  point 
within  the  object  to  a  point  beyond  it  and  on  the  surface  of  the  polarizer, 
we  may  see  clearly  through  the  neutral  axis,  while  the  hitherto  trans- 
parent curves  become  opaque  to  the  sight ;  and  we  easily  perceive  upon 
the  polarizer  any  small  white  specks,  illuminated  by  ordinary  light  that 
may  be  placed  thereon.  If  now,  by  a  motion  of  the  head  or  of  the 
ob;ect,  we  cause  these  spet-ks  to  pass  transversely  across  the  neutral  band, 
we  shall  see  that  there  is  no  diminution  of  brightness  from  the  extreme 
edge  of  one  set  of  curves  to  that  of  the  other,  whilst  when  carried  within 

*  Referring  to— Record  of  Experiments  showing  the  Character  aud  Position  of  Neutral 
Axes,  as  shown  by  polarized  Light.  L.  Nickerson,  Vol.  Ill,  page  31;  and  to  Resistance  of 
Beams  to  Flexure,  J.  G.  Barnard,  Vol.  Ill,  page  123.  t  Vol.  Ill,  pagi-  -18. 
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the  colored  curves  the  specks  become  gradually  darker  *  as  they  recede 
from  the  edge  into  the  middle,  and  are  then  lost  to  view.  By  a  little 
practice  in  watching  the  most  delicate  changes  of  shade  within  the 
curves,  we  may  the  more  accurately  detect  the  changeless  character  of 
the  light  from  one  edge  of  the  band  across  it.  It  is  as  though  a  bright 
star  passed  over  a  clear  belt  of  sky  from  the  edge  of  one  cloud  to  the 
edge  of  another. 

Demonstration.  — "  The  neutral  axis  of  a  beam  has  a  breadth  in  eleva- 
tion and  a  solidity  in  projection,  and  cannot  become  a  line  in  the  first, 
nor  a  plane  in  the  second,  until  the  coercing  load  in  relation  to  the 
definite  resisting  forces  becomes  infinite." 

This  theorem  may  be  discussed  in  the  following  successive  steps. 
Suppose  a  beam  of  any  material  and  of  rectangular  sections  calculated 
in  strict  accord  with  its  tensile  and  compressive  resistances.  Then  sup- 
pose  this  beam  actually  made  and  tested.  We  know  from  practice  that 
this  actual  beam  would  sustain  more  load  than  is  supposed  by  the  calcu- 
lation, and  that  this  additional  resistiug  strength  arises  from  a  force 
which  has  been  proved  by  Prof.  Barlow  and  others,  to  bo  subject  to  the 
same  laws  as  friction.  Indeed  it  can  only  be  regarded  as  a  friction 
between  contiguous  fibres  of  the  beam,  resisting  displacement  and  dis- 
tortion in  longitudinal  directions.  It  has  been  lately  called  the  "longi- 
tudinal shearing  resistance." 

Now,  as  this  resistance  is  governed  by  the  ordinary  laws  of  friction, 
it  must  be  and  is  known  to  be  governed  by  the  primal  law  of  friction; 
thus  :    let  the   stone    G    rest    upon  Fig. 1. 

the    horizontal    plane  A    II,  and  be   a r_   c.     ~J>L~ 


TtiB 
connected  by  the  chord   /•    l>  over 

the  pully  7)  with  the  scale-pan  E;  for  tlP 

simplicity's  sake,  suppose  the  chord  to  be  weightless  and  the  pully  to  be 

frictionless,  that  the  resistance  of  the  stone  to  motion  is  10  pounds  and 

the  weight  of  the  scale-pan  1  pound.     Then  the  stone  is  at  rest.     Place 

1  pound  on  the  pan  and  still  there  is  no  motion;  continue  with  2,  3,  4,  5, 

G,  7,  8,  9  pounds  weights,  so  as  to  have  10  pounds  in  full,  and  the  stone 

is  just  upon  what  Canon  Mosely  elegantly  calls  the  "border  of  motion." 

In  other  words,  with  first  the  scale-pan  and  then  with  each  additional 

pound  we  have  been  overcoming  resistance  to  motion.     After  this  each 


♦Because  through  the  neutral  baud  we  see  only  the  ordinary  light  reflected  brightly  upon 
the  white  speck,  whilst  through  the  bright  curves  formed  entirely  by  polarized  light  we  see 
ouly  the  shadow  of  the  speck  made  by  its  iuterception  of  certain  rays,  which  its  preseuce  on 
the  polarizer  prevents  the  glass  from  polarizing.  Of  course  the  speck  must  be  of  a  material 
which  polarizes  at  a  very  different  angle  from  that  of  glass. 
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small  weight  added,  though  it  be  but  an  atom,  becomes  motive  energy, 
producing  motion  first  and  increasing  velocity  afterward. 

Force,  then,  is  that  which  overcomes  resistance  \  c  produces  million. 

Should  we  then  desire  to  move  any  material  object,  either  by  lifting  it 
against  the  attraction  of  gravitation,  dragging  it  against  the  resistance 
of  friction,  swinging  it  against  the  opposition  of  a  fluid,  or  in  any  other 
way  antagonistic  to  a  definite  force  (whether  friction,  cohesion  or  other), 
we  have  first  to  overcome  a  certain  inertia,  caused  by  and  equal  to  the 
obstacle,  by  certain  force  E,  and  then  to  provide  an  additional  force  as 
in  to  create  the  motion.  Therefore  we  must  have  F  plus  an  exceed- 
ingly small  quantity  (;»);  [F-\-m),  and  an  addition  of  other  quantities 
(m',  m",  in'",  in"" ,  Arc.)  increase  the  motion  not  as  they  relate  to  Fyjn,  but 
as  they  relate  to  in  aloue.  The  whole  force  used,  however,  relates  not  to 
2m,  but  to  F-\-2?n,  2??i  being  the  amount  of  all  the  ins  used. 

Now,  suppose  definite  resistances  along  the  fibres  of  a  beam,  such  as 
that  in  Fig.  2,  and  let  us  draw  upon  its  exposed  surface  small  squares  as 
a,  b,  a'  b'.  These  may  be  considered  either  molecules  or  square  inches; 
but  let  us  suppose  them  the  latter,  Flg"  2"  7  r 

and  further  that  the  resistance  which 
a  makes  to  movement  toward  b  to 

be  10  pounds,  or  in  other  words  that  —  ft'         p~ 

the  resistance  which  the  material  of  which  the  beam  is  composed,  makes 
against  being  slidden  along  contiguous  fibres,  or  to  having  its  cohesion 
overcome,  is  10  pounds  per  square  inch.  Now,  it  is  evident  that  if  the 
load  upon  the  beam  is  only  sufficient  to  strain  1  pound  along  the  line 
a  b  there  can  be  no  displacement.  As  before,  we  may  add  weights  until 
we  have  produced  10  pounds  strain  along  the  line  a  b,  and  we  must  still 
add  more  to  pass  the  neutralizing  point  or  "border  of  motion,"  after 
which  each  small  increment  has  additional  effect  in  producing  greater 
motion. 

Considering  now  the  mathematical  line  A  B  as  the  "  axis  of  stress  " 
of  the  beam,  and  also  the  cross  lines  between  which  to  measure  the 
tensile  and  compressive  stresses,  it  becomes  evident  that  there  can  be  no 
motion  upon  the  line  A  />,  nor  measuring  upwards  can  there  be  any 
upon  the  line  a  b,  nor  any  other,  until  the  stress  upon  that  line  is 
greater  than  10  pounds  per  square  inch.  From  this  fact  the  line  a  b, 
when  just  strained  10  pounds  per  square  inch,  must  become  the  inside 
boundarv  of  motion,  and  therefore  the  outside  boundary  of  neutrality. 


W\£ 
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As  strain  is  distortion  and  displacement  is  motion,  the  same  reason- 
ing applies  to  similarly  situated  squares  in  the  lower  half  of  the  beam  ; 
the  neutral  axis  will  therefore  be  a  determined  band  upon  the  elevation 
of  the  beam. 

Corollary. — As  the  self  same  reasoning  would  prove  that  a'  and  b' 
requires  a  definite  force  to  bring  them  to  motion,  and  as  no  deflection  can 
take  place  in  a  beam  until  they  do  move,  therefore  it  requires  a  definite 
stress,  and  therefore  a  definite  load  to  deflect  a  beam. 

Remarks — First. — From  the  band-like  character  of  the  neutral  axis  it 
would  appear  that  the  supposition  of  Mr.  Stephenson  that  the  web  of  a 
tubular  girder  assisted  in  the  horizontal  resistance  is,  at  least  to  any 
extent,  an  error,  except  of  course  in  the  conveyance  of  pressures  from 
flange  to  flange  in  oblique  directions. 

Second. — From  the  corollary  we  may  deduce  that  the  supposition  of 
Mr.  Hodgkinson  "  that  the  elasticities  were  injured  by  forces  however 
small,"  may  be  erroneous. 

Third. — Nature  spreads  nothing  over  infinite  distances,  makes  noth- 
ing indefinitely — each  form  marking  its  own  utility  ;  yet  her  work  is  not 
done  roughly  nor  angularly.  By  delicate  curve  or  forcible  tangent,  or 
mystic  asymptote,  she  weaves  her  contours  together,  and,  although  it  is 
difficult  to  perceive  the  exact  point  of  change  in  her  wave-forms,  the  rise 
cannot  be  confounded  with  the  fall,  nor  the  ventral  with  the  nodal  points. 

In  regard  to  the  forcible  remarks  of  Gen.  Barnard*  in  his  general 
consideration  of  beams,  it  would  be  presumptions  in  me  to  do  more  than 
to  express  my  approval.  I  do  think,  however,  that  in  so  much  as  the 
matter  relates  to  my  labors,  he  Las  hardly  done  the  subject  justice. 

First. — Because  short  beams  are  constantly  used  in  practice,  only  we 
give  other  names  to  them.  Every  stress  which  occurs  in  a  structure, 
having  a  leverage,  or  where  a  leverage  may  occur  by  accident,  however 
short  that  leverage  in  relation  to  the  height  of  the  obje  t  strained,  is  a 
beam,  and  a  magnificent  structure,  correct  in  all  else,  might  easily  be 
demolished  by  the  neglect  of  just  such  strains  as  those  which  my  first 
section  partially  discusses.  Besides  this,  the  figures  in  the  glass  yield  as 
the  local  strains,  a  neglect  of  which  has  proved  disastrous  in  my  own 
knowledge. 

Second. — Because  my  main  object  was  not  to  obtain  rules  for  calculat- 
ing the  strength  of  beams,  but  laws  for  forming  them;  to  watch  the 
molecular  changes  which  occur  in  an  almost  perfectly  elastic  substance, 

*  Vol.  Ill,  page  53. 
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with  a  view  of  deriving  laws,  which,  by  combination  with  inductive  tes- 
timony, transfer  themselves  into  more  imperfect  material.  It  is  its  perfect 
elasticity  alone  which  renders  the  teachings  of  glass  general,  just  as  it  is 
the  perfection  of  mathematics  alone  which  makes  it  sublime  in  physical 
investigation.  Yon  may,  by  experience,  induce  as  many  constants  as  you 
will,  but  until  they  are  woven  into  mathematical  law,  they  are  traitorous 
towards  anything  but  a  knowledge  of  the  destroyed  object.  No  one 
would  experiment  on  wrought  iron  to  find  the  laws  governing  cast  metal, 
nor  on  brass  to  derive  phenomena  for  steel,  because  each  has  idiosyn- 
cratic character.  But  it  is  neither  incorrect  nor  unscientific  to  investi- 
gate in  an  almost  perfect  material  in  search  of  general  laws  which  circum- 
stances prevent  us  from  obtainng  in  the  more  usual  material,  and  then 
by  comparative  trials  towards  the  same  end  in  these  latter,  derive  such 
modification  of  these  laws  as  may  be  peculiar  to  each.  It  is  but  little  we 
should  know  of  the  properties  of  steam,  if  we  had  no  foundation  for  its 
study  in  the  "  laws  of  a  perfect  gas." 

As  there  can  be  no  doubt  from  the  nature  of  the  polarization,  that  the 
images  are  of  strains  at  right  angles  to  each  other,  then,  for  another 
reason,  this  method  of  investigation  has  great  advantages,  in  the  full 
separation  of  the  bending  and  shearing  stresses  into  two  distinct  figures 
in  the  positive  and  negative  images. 

Lastly, — Let  us  remember  that  it  is  only  in  the  direction  of  the  neutral 
axis  that  a  characteristic  difference  appears  between  loag  and  short  beams. 
Its  breadth  is  as  certain  in  one  as  in  the  other  ;  in  both  occupying  the 
whole  face  of  the  unstrained  beam,  and  gradually  drawing  narrower  and 
narrower  until  only  an  infinite  load  reduces  it  to  a  mathematical  line. 
The  secondary  axes  corresponding  to  "  Barlow's  element,"  come  in  early 
to  modify  the  coercing  forces,  and  the  curves  of  strain  are  distinct  in  each 
form.  Short  slips  of  glass  are  only  more  full  and  useful  for  study  than 
long  ones.  However  more  important  for  daily  practice  it  may  be  to  have 
inductive  results,  it  will  never  lessen  the  value  of  experiment, — even  on 
the  largest  scale — to  know  the  laws  of  the  strains,  to  be  able  to  investi- 
gate the  cause  of  unexpected  phenomena,  or  to  apply  the  hydrostatic 
press,  with  more  or  less  comprehension  of  what  is  going  on  within  the 
object. 

These  remarks,  however,  are  only  made  in  defense  of  my  labors,  and 
in  no  spirit  of  cavil  against  the  discussion  of  Gen.  Barnard.  I  shall  now 
follow  the  direction  which  he  indicates,  and  partially  discuss  the  figure 
of  strain  in  a  beam  under  a  load  which  deflects. 
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That  the  neutral  axis  of  stress  is  a  mathematical  line,  and  the  figures' 
of  tensile  and  compressive  stresses  triangles,  there  can  be  no  doubt.  The 
question  is  how  do  they  change  for  strains.  A  state  of  "strain"  is  a 
state  of  displacement  and  distortion,  and,  therefore,  a  state  of  molecular 
motion.  We  have  not,  then,  in  getting  the  figure  of  strain,  merely  to 
calculate  the  amount  of  stress  across  such  lines  as  a  b  ov  a'  b'  (Fig.  2),  or 
intermediate  lines,  but  to  calculate  the  velocity  or  momentum,  occurring 
along  lines  similarly  placed,  or  lines  of  equal  strain  as  shown  by  the 
colored  curves,  after,  as  shown  before,  a  certain  initial  and  definite  re- 
sistance opposed  to  motion  has  ceased.  This  occurs,  referring  to  our 
corollary,  when  the  beam  has  commenced  to  deflect. 

Let  u  be  the  absolute  intensity  of  force,  or  force  at  the  unit  of  dis- 
tance from  the  axis  of  stress,  x  the  variable  distance  measured,  say, 
towards  the  top  of  the  beam  from  the  same  axis,  and  F the  force  at  x  dis- 
tance, then  F  =  u  x,  but  as  in  motion  this  force  acts  with  a  leverage  or 
arm  x,  we  have  P  =  u  .'-  which,  combined  with  formulae  for  velocity, 
gives  a  curve  of  the  following  general  form,  to  be  taken  as  an  approxi- 
mation, Fig.  3.  But  we  must  remember  that  in  the  earlier  stages  of 
loading  a  beam  a  secondary  neutral  band  appears  amongst  the  curves  of 
strain,*  and  that  subsequently,  before  breakage,  a  tertiary  baud  occurs, 
and  that  these  appear  both  in  the  upper  and  lower  halves  of  the  beam. 
This  fact  combined  with  Fig.  F.n  3 
3,  will  give  us  Fig.  4,  in  which,  — 

the  area  as  shown  in  Fig.  3  Fl8-4-- 
being  interfered  with  by  neutral  spaces,  caused  by  "  Barlow's  element," 
is  reduced.  Mind.  I  do  not  assert  that  this  is  the  perfect  and  complete 
figure  of  strain,  but  that  I  have  good  reasons,  some  of  which  I  have 
given,  to  believe  it  a  close  approximation. 

I  (dose  by  reference  to  the  remarks  made  by  Gen.  Ellis. f  In  regard 
to  his  supposition  that  a  mere  local  po:nt  of  pressure  on  a  beam,  should 
produce  only  a  point  of  neutrality  beneath;  I  admit  the  fact,  not  only 
for  a  local  point,  but  for  a  continuous  load,  so  far  as  all  the  strains  upon 
the  beam,  combining  both  bending  and  shearing  strains,  are  considered. 
But  when  we  divide  these,  which  we  must  do  for  an  intelligent  investiga- 
tion, either  theoretical  or  practical,  then  the  neutral  axes  are  boundaries 
between  two  antagonistic  areas,  and  cannot  be  points  or  spots.  He,  in 
reasoning  correctly,  merely  forgot  the  fact  of  the  positive  and  negative 
images  as  separate  pictures. 

*  Vol.  Ill,  page  42,  &c.  t  Vol.  Ill,  page  56. 
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I  will  also  remark  that  I  know  of  no  resemblance  between  M. 
Wertheini's  invention  and  my  labors,  the  one  being  an  instrument  to 
measure  strains,  the  other  referring  to  culminations,  so  far  as  the  paper 
was  concerned,  in  the  discovery  and  proof  of  the  "  periodicy  of  force  in 
pressures. "  The  bi-refractive  quality  of  glass  under  strain  was,  I  believe, 
discovered  by  Sir  David  Brewster,  early  in  this  century. 

Me.  John  G.  Barnard. — When  we  abandon  the  simple  but  very  im- 
perfect hypotheses  of  Navier,  from  which  the  hitherto  accepted  theory 
of  the  flexure  of  beams  has  been  based  and  the  formulae  derived,  and 
attempt  to  take  into  account  all  the  internal  strains  or  interactive  forces 
in  the  interior  of  the  mass  of  body  subjected  to  compression,  flexion  or 
torsion,  we  find  ourselves  confronted  with  not  only  a  very  difficult 
problem  (a  brief  turning  over  of  the  pages  of  the  admirable  work  of 
Thomson  and  Tait's  "Natural  Philosophy,"  which  treat  this  subject, 
will  suffice  for  proof  of  this),  but  one  for  which  experimental  data  are 
deficient. 

I  therefore  repeat  what  I  said  on  a  former  occasion.*  "  Researches 
with  a  perfectly  elastic  material,  as  glass,  and  one,  too,  which  can  be 
made  to  reveal  to  the  eye  indications  of  its  internal  strains,  cannot  but 
throw  light  upon  one  of  the  most  difficult  problems  m  mechanics,  viz.: 
internal  strains  of  solids  subjected  to  the  action  of  external  or  internal 
forces."  I  think  my  remarks  then  expressed  sufficiently,  that,  while 
concurring  in  the  value  of  experiments  with  short  specimens  as  a 
means  of  investigating  strains  in  general,  I  only  qualify  my  view  of 
their  applicability  to  "beams,"  because,  by  universal  acceptance,  a 
"beam  "  is  a  piece  the  length  of  which  is  many  times  greater  than  its 
sectional  dimensions.  To  such  pieces,  in  my  opinion,  if  subjected  only 
to  the  moderate  flexures  which  practice  allows,  the  Navier  hypothesis 
would  apply  tolerably  well,  were  not  the  Navier  notion  of  equality  of 
elastic  coefficients  for  compression  and  extension — and  their  uniformity 
or  invariableness — found  to  be  inconsistent  with  experimental  facts. 
Doubtless,  "shearing  strains  "  do  exist  in  long  beams  as  well  as  in  short 
ones  ;  but  they  are  mainly  incidental  to  the  bringing  of  the  purely 
elastic  forces  into  action. 

I  do  not  think  I  can,  with  no  opportunity  of  special  study,  and  feel- 
ing by  no  means  an  expert  on  this  subject,  therefore,  do  more  than  to 
refer  to  what  I  have  already  said. 

In  his  reply  to  Prof.  Wood,  Mr.  Nickerson  has  set  forth  some  views 
which,  owing  to  the  abstruseness  of  the  subject  (to  which  I  have  already 

*  Vol.  Ill,  page  55. 
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mcade  reference),  I  would  by  no  means  attempt  to  confute,  but  with 
whicli  I  am  far  from  expressing  concurrence.  In  bis  references  to  friction 
I  think  he  buds  an  unwarrantable  analogy  to  "  motion  "  and  "  resistance  " 
in  the  interior  of  strained  bodies.  These  internal  motions  are  always  in- 
iinitessimal,  and  in  no  sense  to  be  compared  to  the  motion  which  a  heavy 
body  takes  up,  resting  with  friction  on  a  plane  surface  where 
friction  has  beeu  overcome;  nor  is  the  previous  absence  of  motion  in 
the  heavy  body  to  be  made  a  warrant  for  a  conclusion  of  undisturbed 
internal  state  of  the  interior  of  a  strained  body.  There  cau  be,  in  my 
opinion,  no  internal  strain,  however  feeble,  without  internal  relative 
motion. 

I  do  not  submit  these  views  as  at  all  authoritative  or  satisfactory  to 
myself,  but  only  as  the  best  my  inability  to  take  up  the  subject  more 
thoroughly  will  permit. 

Mb.  Dk  Volson  Wood. — In  regard  to  Mr.  Nickerson'a  hypothesis, 
that  the  neutral  axis  is  a  1  elt,  his  experiments  upon  glass  beams  seem 
to  indicate  that  such  is  the  case.  But  the  peculiar  form  and  direction 
taken  by  the  dark  belts  near  the  points  of  support  as  shown  by  his  dia- 
grams, and  the  character  of  the  strains  in  any  transverse  section,  lead 
me  to  suggest  that  possi'ily  these  dark  belts  indicate  the  position  of 
maximum  shearing  strains.  In  a  bent  beam,  the  maximum  shearing  is  at 
the  middle  of  the  depth. 

Accordiugto  Navier's  hypothesis,  transverse  sections  which  were  plain 
and  normal  before  flexure,  are  plain  and  normal  during  flexure.  This 
we  now  know  is  erroneous,  unless  the  curve  of  flexure  is  the  arc  of  a 
circle.  To  assert  that  the  neutral  axis  is  a  neutral  band  of  finite 
breadth,  is  equivalent  to  asserting  that  there  is  a  body  of  elements  which 
are  neither  extended  n<  r  compressed.  If  so,  are  they  subject  to  no 
strain  ?  If  they  are,  what  strain  '?  The  subject  becomes  metaphysical 
as  well  as  practical.     I  need  more  light. 

Mr.  Robert  H.  Thurston. — Referring  to  "  Resistances  of  Beams  to 
Flexure  ": — * 

1°.  I  agree  fully  with  Gen.  Barnard  in  considering  the  formuhe  of 
Navier,  and  those  in  common  use  as  based  upon  them,  as  well  as  the  ar- 
guments of  Decomble  sustaining  the  former,  as  not  well  supported  by 
the  results  of  experiment,  except  in  a  few  special  cases. 

2°.  The  ordinary  theory,  and  its  resulting  equations,  in  which  the 
resistances  of  particles  to  compression  and  to  extension  are  proportional 

*  Vol.  Ill,  page  123. 
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to  their  distance  from  the  neutral  surface,  are  apparently  sufficiently 
correct  wp  to  that  limit  of  flexure  at  which  the  exterior  sets  of  particles, 
on  the  one  side  or  on  the  other,  are  forced  beyond  the  elastic  limit. 

3°.  With  absolutely  non-ductile  materials,  or  materials  destitute  of 
viscosity,  fracture  occurs  at  this  point.  But,  with  ordinary  materials, 
and  notably  with  good  iron,  low  steel,  and  all  of  the  useful  metals  and 
alloys  in  common  employ,  rupture  does  not  then  take  place. 

4°.  The  exterior  portions  of  the  mass  are  compressed  on  the  one  side, 
offering  more  and  more  resistance  nearly,  if  not  quite,  up  to  the  point  of 
actual  breaking,  which  breaking  may  only  occur  long  after  passing  the 
elastic  limit.  On  the  other  side,  the  similar  sets  of  particles  are  drawn 
apart,  passing  the  elastic  limit  for  tension,  and  then  resisting  the  stress 
with  approximately  constant  force,  "  flow"  occurring  until  that  liinit  of 
flow  is  reached,  and  rupture  takes  place. 

5°.  Fracture  may  occur  under  either  of  several  sets  of  conditions. 

A.  The  material  may  be  absolutely  brittle,  (a.)  In  this  case,  the 
elastic  limit  and  the  limit  of  rupture  coincide  for  both  simple  tension  and 
simple  compression.  The  piece  will  break  with  a  snap  when,  under  flex- 
ure, either  limit  is  reached,  (b.)  Or,  it  may  happen  that  the  limit  is 
reached  simultaneously  on  both  sides. 

B.  The  material  maybe  slightly  viscous,  (a.)  The  flexure  of  the  piece 
will  produce  compression  or  extension,  or  both,  beyond  the  elastic  limit 
before  rupture,  giving  three  sets  of  conditions  to  be  expressed  by  the 
formula,  (b.)  The  increase  of  resistance,  after  passing  the  elastic  limit 
will  not  be  similar  for  both  forms  of  resistance,  and  each  substance  will 
probably  be  found  characteristically  distinguishable  from  every  other, 
(c.)  It  would  appear  from  experiments  already  familiar,  that  the  resist- 
ance to  compression  will  frequently  increase  in  a  very  high  ratio  as  com- 
pared with  that  to  extension,  thus  swinging  the  neutral  surface  toward 
the  compressed  side,  and  probably  sometimes  approximately  to  the  limit- 
ing surface,  with  very  hard  and  friable  substances,  thus  bringing  about 
something  like  a  correspondence  with  "Galileo's  theory."  This,  I  pre- 
sume, does  not  often  happen, 

C.  The  material  may  be  very  ductile  or  viscous.*  (a.)  In  this  case 
the  phenomena  of  flexure  and  rupture  will  be  as  last  described,  but  of 
exaggerated  extent  and  importance.  (6.)  The  resistance  to  extension 
and  to  compression  as  developed  in  this  case,  will  be  approximately,  or 

*  It  is  to  be  remembered  that  viscosity  and  high  cohesive  force  may  co-exist,  as  shown  by 
Prof.  Henry  and  Mon.  Presca. 
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accurately,  those  observed  in  experiments  producing  rupture  by  direct 
tension  and  l>y  direct  compression.  The  neutral  surface  will  be  deter- 
mined in  position  by  the  ratio  of  these  ultimate  resistances. 

6°.  Proposition  1,  of  Decomble,  as  rendered  by  Gen.  Barnard*,  there- 
fore, may  or  may  not  be  true  for  any  individual  case,  and  it  cannot  be 
true  for  all  materials.  Proposition  2  is,  I  think,  probably  correct,  it  be- 
ing understood  that  the  effect  of  "flow"  in  producing  modification  of 
the  co-efficients  of  elasticity  and  of  rupture  is  comprehended.  Proposi- 
tion 3,  is,  I  should  say,  certainly  incorrect  for  ductile  substances. 

Decomble  is,  therefore,  in  error  in  claiming  that  Navier's  theories, 
narrow  and  iniiexible  as  are  their  conditions,  explain  "all  phenomena" 
of  flexure  and  rupture,  or  that  it  can  always  give  us  correct  moduli  of 
rupture,  or  that  it  is  in  "complete  harmony''  with  any  but  a  narrow 
range  of  practice. 

7°.  The  statement  that  "any  load,  however  small,"  is  "  capable  of 
producing  rupture  providing  that  the  trial  is  sufficiently  prolonged,"  I 
have  long  since  shown,  by  experiment  (which  has  been  published  in 
this  country  and  in  Europe), f  to  be  quite  the  reverse  of  the  truth  in 
the  case  of  iron,  steel,  etc.  The  fact,  as  shown  by  the  facsimile  strain- 
diagrams  illustrating  these  papers,  being,  that  static  stress,  less  titan  that 
producing  rupture,  but  greater  than  that  corresponding  with  the  elastic  limit, 
produces  actual  increase  of  resistiwj  power.  This  fact  has  since  been 
proven  by  other  investigators  and  by  quite  independent  methods  of 
resi  urch. 

8°.  I  have  also  shown  in  those  experimental  investigations,  that  the 
converse  fact  exists,  that  distortion,  rapidly  produced,  causes  an  actual 
decrease  of  resisting  />nu-er.  Strain  diagrams  were  given  illustrating  this 
fact  very  strikingly. 

9°.  This  variation  of  resistance  with  variation  of  the  method  of  rup- 
ture introduces  another  element  of  uncertainty  into  "Navier's  theory," 
as  well  as  into  all  formulas  yet  constructed.  This  element  must  remain 
until  experiment  has  indicated  a  measure  of  it  and  the  form  of  the  func- 
tion expressing  its  law,  and  thus  enable  us  to  construct  a  correct  formula. 

10°.  deferring  to  the  remarks  of  Gen.  Barnard  which  follow  the 
paper  under  discussion,  J  we  may  find  in  the  phenomena  just  considered 

*  Vol.  Ill,  page  123. 

t  Transactions,  Vol.  II,  page  239  ;  Vol.  Ill,  page  12,  &c.  ;  Journal  of  the  Franklin  Insti- 
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a  reason  for  the  fact,  remarked  by  him,  that  "  beams  fractured  by  shot 
did  not  resist  anything  like  so  much  "  as  those  broken  under  the  slow 
and  steady  action  of  the  hydraulic  press. 

11°.  The  assumption  that  resistances  vary  each  way  from  the  neutral 
surface  proportionally  with  their  distance  from  that  surface,  is  when 
coupled  with  a  rejected  hypothesis  of  Navier,  nevertheless,  not  far  from 
the  truth  in  special  cases,  as  may  be  shown  by  proper  mathematical 
treatment  and  comparison  with  results  obtained  experimentally. 

12°.  Mr.  William  Kent*  made  this  comparison  for  cast  and  wrought 
iron  and  for  ash.  The  results  of  analysis  and  of  experiment  give  the 
following  values  of  the  R  in  the  ordinary  formula  :  f 

3f=±RBB2 (1) 

for  a  beam  fixed  at  one  end,  loaded  at  the  other  : 


CAST   IRON. 

WROUGHT  IRON. 

ASH. 

32  280 
35  000 

60  000 
60  000 

12  120 

12  000 

13°.  This  remarkable  approximation  is  thus  derived, 
fixed  beam,  Fig.  5,  with  loaded  extremity,  the  force  P 
bein->'  a  measure  of  the  weight  W,  and  the  beam  having 
a  depth  B,  a  breadth  unity,  and  a  neutral  surface  sit- 
uated at  a  distance  Y  from  the  superior  surface  of  the 
beam.  Eepresenting  the  resistances  graphically  by 
the  triangles  T  N,  G  N ;  their  measures  in  tension 
and  compression  are  respectively  |  T  N,  \  G  JSF,  and 
their  moments  are  I  T  N  X  I  T  —  1  T  Y2,  and  I  G  NX  t  (-D  —  F)=  |  G 
(B —  Y)2.  An  early  hypothesis  of  Navier,  which  seems  to  have  been 
entirely  abandoned  by  him  subsequently,  and  which  has  not  been  ac- 
cepted by  subsequent  writers  on  the  subject,  make  these  moments 
equal.     Assuming  this  to  be  correct, 

T  Y2  =  G(B  —  Y)2 (2) 

G  Y2 


and 


(3) 


T~  (D—  Y)2 

and,  from  this  expression,  we  may  find  the  position  of  the  neutral  sur- 
face, as  determined  by  the  assumed  conditions.-  Then,  letting  B  =  the 
breadth  of  the  beam, 

W  L  =  ±  B  [T  Y2  +  C{B—  Y)2]  =  \  R  B  B2 (4) 


*  Member  of  Steven's  Institute  of  Technology,        t  Wood  on  Resistance  of  Materials. 
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in  which  latter  exj^ression  R  is  the  modulus  of  rupture,  and  its  value 
can  be  found  when  G  and  T  are  known.  It  will  always  be  of  a  value 
intermediate  between   T  and  G. 

14°.  The  following  are  the  data  and  results  for  the  three  cases  taken: 
the  results  are  well  worthv  of  examination  and  record. 


T 

C 

B 

D 

L 

Y 

D-T 

WL 

R 

16  000 
60  000 

17  200 

96  000 

60  000 

9  000 

1 
1 
1 

1 
1 

1 

1 
1 

1 

0.71 

0.5 

0.42 

0.29 
0.5 

0.58 

5  380 

10  000 

2  020 

32  280 

60  000 

12  120 

15°.  The  common  theory  of  rupture,  as  it  is  defined  by  Prof.  Wood, 
is  confessedly  far  from  correct,  and,  as  shown  at  the  beginning  of  these 
remarks,  the  neutral  surface  must  vary  in  position,  and  cannot  iuvariably 
pass  through  the  centre  of  gravity  of  section.  It  would  seem  that  such 
coincidence  of  position,  when  occurring  at  all,  is  simply  a  matter  of  in- 
cidental concurrence  of  conditions.  I  therefore  consider  tin-  criticism  of 
Gen.  Barnard  to  be  just  in  this  point. 

16°.  The  accurate  mathematical  expression  of  the  phenomena  of 
flexure  and  rupture,  as  already  remarked,  must  be  vastly  more  compre- 
hensive and  flexible,  and  more  facile  of  application  than  any  yet  proposed. 
As  I  have  shown,  it  is  not  sufficient  that  both  R{  and  R-, — L  e.,  both  T 
and  G — appear  in  the  formulas,  as  proposed  by  Decomble.  The  real 
value  of  these  quantities,  as  there  appearing,  must  vary  as  some  function 
of  distance  from  the  neutral  line,  while  the  position  of  the  neutral  line 
must  itself  vary  with  both  the  value  of  ^and  G  in  different  cases,  and 
with  their  change  of  value  in  the  same  beam,  as  flexure  progresses  and 
after  rupture  commences.  These  variable  functions  must  all  be  taken 
into  account  and  comprised  in  the  general  expression  for  the  moment 
resisting  fracture. 

The  characters  of  these  functions,  however,  are  unfortunately  not  yet 
ascertained,  and  it  is  only  after  experiments  in  which  the  moments  of  re- 
sistance is  accurately  measured  during  every  stage  of  fracture,  and 
so  completely  that  the  strain  diagram  of  the  experiments  can  lie 
graphically  given,  or  its  equation  constructed,  that  we  can  obtain  their 
values.  This  has,  as  yet,  been  done  in  but  few  cases,  as  in  some  experi- 
ments of  Hodgkinson,  in  the  work  of  Styffe,  and  in  experiments  made  by 
Rodman. 
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17°.  It  does  not  necessarily  follow  that  the  formulas  finally  resulting 
must  be  either  complex  or  inconvenient  of  application.  Simple  expres- 
sions will,  at  least,  be  found  for  special  cases  of  simple  character,  which 
will  serve  every  purpose  of  the  engineer. 

18°.  It  is  also  true,  as  remarked  by  Prof.  Wood,  and  as  known  by 
every  engineer,  that  the  phenomena  of  flexure  within  admissible  limits 
are  much  less  complex  and  much  less  difficult  of  manipulation  than  those 
of  rupture,  or  than  those  resulting  in  serious  permanent  distortion. 
Hence,  it  is  true  that  ordinary  engineering  practice  is  not  placed  at  such 
a  serious  disadvantage  as  these  defects  of  the  theory  of  strain  might  seem 
to  indicate. 

19°.  In  common  with  every  member  of  the  profession,  I  am  called 
upon  to  admit  the  great  services  rendered  us  by  Navier  in  the  splendid 
work  done  by  him  at  VEcole  des  Pouts  et  Chaussees,  in  establishing  a 
theory  of  engineering,  as  well  as  in  working  up  a  theory  of  rupture,  and 
I  desire  to  acknowledge  those  services,  while  declining  to  admit  absolute 
accuracy  in  his  theories.  They  were  constructed  at  a  time  when  science 
was  apparently  divorced  from  the  practice  of  engineering,  and  when  his 
services  in  securing  a  genuine  union  were  most  invaluable.  He  must 
always  be  regarded  as  one  of  the  great  leaders  in  our  profession. 

I  would  unite  with  Gen.  Barnard  in  his  remarks,  relative  to  the  at- 
tempt of  Navier's  pupil,  Decomble,  to  retain  the  theory  while  modifying 
the  formulas  of  Navier: — "If  by  discarding  a  co-efficient  founded  upon 
an  imaginary  co-efficient  of  elasticity,  and  the  introduction  of  distinct 
and  independent  factors,  symbolic  of  resistance  to  rupture  by  compres- 
sion and  extension,  it  is  shown  that  the  Navier  formula  can  be  made 
reliable,  an  important  service  has  been  rendered  to  engineering 
science."* 

I  would  myself  add  that  the  discovery  and  the  mathematical  expres- 
sion of  the  varying  functions  which  I  have  described,  and  the  establish- 
ment of  formulas  of  application  embodying  the  facts  of  the  variation  of 
the  co-efficient  of  elasticity,  of  that  of  the  module  of  resistance  of  rupture 
by  tension  and  compression,  and  in  the  position  of  the  neutral  surface 
which  are  still  as  previously  essential,  but  unknown  elements  of  a  cor- 
rect theory  of  strain;  all  of  these  yet  remain  to  compensate  some  skill- 
ful experimenter  and  expert  analyst.  Their  determination  would  earn 
for  their  fortunate  discoverer  higher  distinction  than  ever  won  by  either 
Coulomb  or  Navier. 

*  Vol.  HI,  page  126. 
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ON   KIVER   MOUTHS.* 

Mr.  W.  Milnor  Roberts. — The  paper  which  furnishes  the  topic  now 
under  consideration  is  a  succinct  history  of  examinations  and  discussions 
during  the  past  forty  years,  through  part  of  which  period  the  writer  was 
himself  in  charge  of  government  works  near  the  mouth  of  the  Mississippi, 
whence  he  had  excellent  opportunity  to  judge  whether  the  outlets  of 
that  river  were  adapted  to  the  permanent  improvement  of  navigation,  by 
means  of  piers  or  jetties  carried  out  through  the  bar  which  now  par- 
tially closes  them  to  the  deep  water  in  the  gulf,  thereby  confining  the 
current  to  comparatively  narrow  channels  instead  of  allowing  it  to  flow 
as  it  does  now,  laterally  unrestrained,  over  a  frontage  several  miles 
wide.  The  paper  is  a  clear  and  correct  statement  of  most  of  the  main 
facts  which  bear  on  the  proposed  methods  of  improving  the  mouths  of  the 
Mississippi. 

I  have  in  preparation  a  paper  on  the  "Characteristics  of  some  of  the 
great  Rivers,"  atopic  selected  partly  because  of  my  connection,  with  two 
other  members  of  this  Society,  (Messrs.  T.  E.  Sickles  and  H.  D.  Whit- 
comb,)  with  the  Commission  appointed  last  year  by  the  President  of  the 
United  States  to  examine  and  report  upon  the  proper  method  of  improv- 
ing the  mouths  of  the  Mississippi : — what  follows  is  chiefly  derived  from 
that  paper. 

In  the  fulfillment  of  its  duties,  and  previous  to  a  critical  examination 
of  the  outlets  to  be  improved,  this  Commission  visited  many  of  the  rivers 
of  Europe,  the  Nile  and  the  Ship  Canal  across  the  Isthmus  of  Suez, 
lieport  was  made  in  January,  and  laid  before  Congress,  which  afterwards 
adopted  the  recommendation  contained,  namely,  to  improve  the  "South 
Pass"  by  means  of  piers  or  jetties,  confining  the  water,  aided  by  such 
dredging  or  scraping  of  the  bar  as  might  prove  to  be  necessary  to  facili- 
tate the  establishment  of  a  navigable  ship  channel  30  feet  in  depth  ;  an 
agreement  was  entered  into  with  James  B.  Eads,  C.  E.  (Member  of  the 
Society),  to  construct  the  works,  the  general  condition  being,  that  he  is 
to  produce  the  additional  depth,  beginning  with  20  feet,  before  he  shall 
be  entitled  to  a  payment;  partial  payments  will  then  be  made  for  each 
additional  2  feet  depth,  and  the  final  payment  some  time  after  he  shall 
have  accomplished  the  full  depth  of  30  feet.  Now  there  is  but  about  9  feet 
on  the  bar  of  the  South  Pass,  and  it  has  not  been  used  as  a  ship  channel 

*  Referring  to — Delta  of  the  Mississippi,  considered  in  Relation  to  an  open  River  Mouth. 
J.  G.  Barnard,  page  104. 
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for  many  years.  In  my  judgment  this  undertaking  of  Capt.  Eads  is  the 
greatest  work  of  river  engineering  that  has  ever  been  attempted,  and  I 
feel  confident  of  his  success. 

After  investigating  the  permanent  improvement  of  the  mouths  of  the 
Mississippi,  a  number  of  able  engineers,  civil  and  military,  favored  the 
construction  of  a  canal  from  the  vicinity  of  Fort  St.  Philip,  about  7 
miles  in  length,  connecting  the  river  with  the  gulf  ;  and  others  advo- 
cated an  improvement  of  one  of  the  mouths.  Conspicuously  among  the 
latter  was  Gen.  Barnard,  who,  in  an  exhaustive  report,  urged  the  trial 
of  the  jetty  system  at  the  South  Pass.  The  Board  of  Engineers  of  1874, 
after  a  thorough  investigation,  adopted  and  recommended  the  same,  the 
South  Pass  being  chosen  on  account  of  promising  success  at  less  cost,  and 
offering  other  advantages. 

There  is  no  question  among  scientists  and  engineers  who  have  ex- 
amined and  studied  the  delta  of  the  Mississippi,  that  for  more  than  100 
miles,  and  some  think  for  several  hundred  miles,  the  entire  area, 
embracing  perhaps  15  000  to  20  000  square  miles  of  area,  has  been 
formed  by  the  discharge  of  debris  from  the  river  itself,  in  deposit  more 
than  a  thousand  feet  in  depth.  Accuracy  in  statement  is,  of  course,  un- 
attainable, but  it  is  obvious  that  for  ages  the  river  has  been  flowing  to 
the  gulf  and  depositing  sediment  from  its  waters.  According  to  my 
judgment,  formed  after  a  thorough  consideration  of  all  the  points  which 
appear  to  have  any  practical  bearing  upon  the  question,  the  outlets  of 
the  Mississippi  river  are  peculiarly  fitted  for  the  jetty  system,  which  has 
been  adopted  with  much  success  at  the  mouths  of  several  European 
rivers. 

Rivers,  when  examined  with  a  view  to  a  radical  change  in  the  shape 
and  character  of  their  outlets,  whether  into  a  lake  or  a  sea,  should  be 
studied  in  connection  with  their  general  characteristics,  and  not  merely 
in  relation  to  what  may  be  ol  iserved  at  their  mouths.  The  rivers  that  I 
have  chosen  for  particular  study  in  the  paper  mentioned,  are  the  Missis- 
sippi and  the  Columbia  in  North  America,  the  Amazon,  La  Plata  and 
Parana  in  South  America,  the  Danube  in  Europe,  and  the  Nile  in 
Egypt.  The  difference  in  the  characteristics  of  these  important 
rivers  are  very  marked  ;  the  topography  of  the  countries,  dimen- 
sions and  fall  of  the  streams,  climate  and  soil,  and  rainfall,  and  the 
periods  and  localities  of  the  rains  and  snows,  as  the  case  may  be,  have  a 
direct  and  unmistakable  bearing  upon  the  formation  of  bars  at  the 
mouths  of  the  streams,  and  upon  the  most  fitting  engineering  works 
needed  for  the  permanent  establishment  of  useful  navigable  depth  be 
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tween  the  deep  water  in  the  river  inside  and  the  deep  water  of  the  lake  or 
sea  outside. 

I  will  here  state  that,  according  to  my  investigations  of  two  of  the 
principal  rivers  named,  so  far  as  conducted,  the  Nile  is  eminently  one 
whose  outlet  into  the  Mediterranean  can  only  he  properly  improved  by 
means  of  a  canal,  while  the  Mississippi  is  one  whose  outlet  into  the  Gulf 
of  Mexico  can  be  most  advantageously  improved  by  means  of  jetties.  A 
careful  examination  of  all  the  premises,  in  both  cases,  naturally  leads  to 
this  conclusion.  The  chief  reason  why  the  Nile  is  not  fitted  for  improve- 
ment by  jetties  is,  that,  for  eight  months  of  the  year,  there  is  little  or  no 
flow  of  the  water  through  its  mouth,  and  nearly  all  of  the  excess  of  water 
in  the  stream  during  this  time  is  either  evaporated  before  it  reaches  there, 
or  is  used  for  irrigation  on  its  delta.  The  sea  flows  in  and  fills  the  river 
with  salt  water  15  miles  above  the  bars,  which  have  but  7  feet  of 
water  on  them  when  the  river  is  in  its  fullest  flow;  when  the  annual 
Hood  is  over  even  small  boats  cannot  pass.  It  is  more  than  1  000 
miles  from  the  mouth  of  the  Nile  to  where  the  first  feeder  or  stream 
comes  in.  No  rain  falls  upon  the  whole  country  drained,  except  on  a 
narrow  strip  near  the  sea,  nor  is  there  frost  or  snow.  On  the  contrary, 
there  is  an  abundance  of  rain-fall  over  the  vast  area  drained  by  the  Mis- 
sippi  and  its  tributaries,  all  of  which  are  amply  supplied  with  water, 
consequently  the  flow  at  the  mouth  of  the  Mississippi  river,  at  low  water, 
is  more  than  half  that  of  the  Nile  at  its  highest  flood. 

The  consideration  of  these  differences  in  navigable  streams  is  so  im- 
portant, that  any  engineer  who  has  to  study  the  mouth  of  a  river  with  a 
view  to  the  proper  method  of  improvement,  should  look  sharply  at  all 
these  characteristics  before  he  fixes  upon  a  plan. 

Mr.  Theodore  G.  Ellis: — It  must  be  evident  to  all  that  an  open 
river  mouth  for  the  Mississippi  river  is  vastly  more  desirable  than  any 
maritime  canal  that  can  be  constructed,  with  locks  or  gates  to  impede  the 
free  navigation.  The  main  question  appears  to  be  one  of  permanence 
and  cost.  As  a  permanent  improvement  for  all  time,  irrespective  of  cost, 
the  plan  of  a  canal  seems  to  have  the  advantage;  the  most  that  is  claimed 
for  the  jetties  being  a  deejsening  of  the  channel  until  such  a  time  as  the 
bar  shall  again  form  beyond  it. 

There  can  be  no  doubt  that  the  jetties  will  deepen  the  water  upon 
the  bar  by  eroding  its  surface  by  the  action  of  a  more  rapid  current,  and 
causing  the  sediment  from  the  river  to  be  deposited  farther  out.  Exactly 
where  and  how  this  sediment  will  be  deposited  and  a  new  bar  formed 
cannot  by  any  known  experience  be  determined.     The  theory  of  Gen. 
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Barnard  aud  Capt.  Eads  that  it  would  form  again  at  the  same  distance 
seaward  of  the  new  banks  formed  by  the  jetties  that  it  was  originally  dis- 
tant from  the  end  of  the  natural  banks,  seems  highly  probable  ;  but  in 
this  case  it  would,  for  a  number  of  years,  be  constantly  shoaling  until  it 
reached  the  original  depth;  and  for  how  much  of  the  time  after  the 
je'.ties  were  finished  the  bar  would  remain  deeper  than  the  required  min- 
imum depth  cannot  be  determined.  The  bar  might  also  form  at  a  nearer 
point  with  an  increased  depth  upon  it,  and  gradually  move  out,  shoaling 
as  it  did  so.     This  is,  in  my  opinion,  what  would  actually  occur. 

There  would  be,  no  doubt,  a  long  period  of  years  after  the  building 
of  suitable  jetties  out  to  the  crest  of  the  bar,  or  beyond  it,  in  which  there 
would  be  an  increased  depth  in  the  channel.  Exactly  what  this  period 
would  be  is  a  matter  depending  too  much  on  theory  to  be  computed.  The 
depth  to  be  maintained  would  be  an  important  element,  even  if  it  be 
admitted  that  a  bar  of  the  original  depth  of  water  would  form  at  the 
original  distance  out,  in  the  time  required  to  deposit  so  much  material 
from  the  river. 

In  any  question  of  relative  cost  of  the  two  systems — of  canal  and 
jetties — it  must  be  borne  in  mind  that  the  value  of  the  jetties  is  entirely 
lost  the  moment  the  bar  re-forms  beyond  them,  so  that  their  cost  must 
be  divided  by  the  number  of  years  they  are  likely  to  prove  effective  and 
added  to  the  annual  cost  of  repairs,  to  determine  the  yearly  expense  of 
maintaining  them. 

I  have  not  seen  a  plan  for  the  construction  of  the  proposed  jetties  that 
appears  to  me  practicable,  considering  the  depth  of  water,  the  char- 
acter of  the  bottom,  the  distance  from  the  shore,  and  the  force  of 
the  waves.  That  such  jetties  can  be  built  I  do  not  question,  but  a 
definite  and  practical  plan  must  be  determined  upon  before  the  relative 
expense  of  the  jetties  and  a  canal  can  be  arrived  at.  The  estimates  for  the 
jetties  appear  to  me  to  be  vague  and  unsatisfactory,  and  not  so  com- 
plete as  those  for  the  canal. 

It  is  evident  that  in  order  to  derive  the  greatest  possible  benefit  from 
jetties  they  should  be  constructed  where  the  bar  will  not  re-form,  or  be 
the  longest  practical  time  in  re-forming.  They  should  therefore  be 
placed  where  there  will  be  the  least  sediment  and  where  the  bar  will  be 
deposited  the  furthest  out  and  in  the  deepest  water.  In  all  silt-bearing 
rivers  the  greatest  amount  of  sediment  is  transported  at  the  higher 
stages,  and  generally  but  little  at  the  lower  stages. 

The  distance  of  the  bar  from  the  mouth,  and  the  depth  upon  it,  is  also 
dependent  upon  the  volume  of  water  discharged.  If,  therefore,  in  a  river 
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having  a  delta  like  the  Mississippi  we  hud  that  outlet  which  has  relatively 
the  greatest  discharge  at  low  water  and  the  least  discharge  at  high  water, 
we  shall  find  the  one  where  the  bar  advances  seaward  the  slowest.  As  by 
a  proper  system  of  jetties  we  can  deepen  the  channel  to  almost  any  desired 
extent,  it  is  not  generally  the  deepest  and  best  natural  channel  that  affords 
the  greatest  advantages  for  improvement.  When  the  channel  above  the 
bar  is  ample,  the  mouth  that  will  require  the  shortest  and  shoalest 
jetties  permits  of  the  cheapest  construction. 

In  view  of  the  above,  we  generally  rind  in  large  rivers  that  the  cheapest 
and  most  permanent  improvements  can  be  made  upon  one  of  the  smaller 
branches  of  the  delta,  and  generally  upon  one  which  leaves  the  main  steam 
at  an  abrupt  angle,  so  that  the  great  volume  at  high  stages  Hows  past  it. 

From  an  examination  of  the  maps  at  my  disposal  it  appears  to  me 
that  Gen.  Barnard's  first  choice  of  the  Pass  a  Loutre  is  the  best.  It 
has  also  another  advantage  not  possessed  by  the  South  Pass.  Its 
mouth  is  more  salient  and  will  not  be  so  soon  closed  by  the  deposit 
from  the  other  outlets.  If  the  improvement  is  to  be  permanent  and 
continued,  this  may  prove  to  be  important.  Whenever  there  are  lit- 
toral currents  sufficient  to  abrade  the  outer  edge  of  a  bar  at  any  point, 
and  limit  its  extension  in  that  direction,  properly  constructed  jetties 
leaching  to  this  point  may  be  a  permanent  improvement ;  the  current 
washing  away  the  silt  that  may  be  carried  along  the  bottom  and  causing 
that  held  in  suspension  to  be  deposited  at  a  distance  laterally  from  the 
outlet.  It  does  not  appear,  however,  that  this  condition  exists  anywhere 
upon  the  Mississippi  bar.  The  nearest  approach  to  it  being  probably  at 
the  mouth  of  the  Pass  a  Loutre.  Here  the  current  might  carry  away  the 
lighter  particles  while  the  heavier  would  be  deposited. 

In  the  works  uoav  going  on  at  the  mouth  of  the  Connecticut,  this 
action  does  take  place,  and  it  is  very  probable  that  jetties  constructed 
under  such  circumstances  need  not  be  extended  out  further.  But  one 
jetty  has  yet  been  built,  but  this  so  affects  the  current,  that  the  bar  has 
deepened  very  materially  outside  of  the  jetty  which  is  completed,  and 
the  littoral  current  up  and  down  the  Sound  has  abraded  the  outer  edge  of 
the  bar  more  than  formerly.  Before  the  jetty  was  completed,  the  current 
formed  by  the  outflowing  tide  struck  the  outer  edge  of  the  bar  and  carried 
it  away  so  as  to  leave  a  steep  edge;  this  was  upon  a  side  outlet  of  the 
river,  and  not  the  main  channel.  The  action  has  increased,  and  now  the 
water  is  I  or  5  feet  deeper  at  the  outer  edge  of  the  bar  than  it  wa  i  before 
the  construction  was  begun.  For  this  reason,  I  think  if  the  Pass  a 
Loutre  of  the  Mississippi  River,  which  is  the  most  extreme  northeast 
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of  all  others,  or  the  pass  beyond  all  others,  as  its  name  implies,  was  thus 
improved,  it  would  receive  a  current  up  and  down  that  would  carry  away 
a  great  part  of  the  deposit, 

Mr.  Henry  D.  Whitcohb. — I  take  it  for  granted  that  all  parties  to 
this  discussion  are  seeking  light  on  a  very  abstruse  problem — "  The 
proper  treatment  of  rivers  and  river  mouths."  It  is  a  very  interesting 
subject  to  me — one  that  I  am  daily  studying,  and  about  which  I  am  sure 
I  have  very  much  to  learn.  The  conclusions  which  I  arrived  at  as  one  of 
the  Board  of  Commissioners  for  survey  of  the  mouths  of  the  Mississippi 
were  decided  so  far  as  to  say  that  it  was  better  to  make  the  experiment  of 
dykes  at  the  South  Pass,  before  constructing  a  lateral  canal.  I  do  not 
regard  the  success  of  the  dykes  as  proven,  but  I  think,  with  judicious 
treatment,  the  probability  of  success  is  great.  By  success  I  mean  the  re- 
duction of  the  bar  and  keeping  it  reduced  for  a  considerable  time  and  at 
a  comparatively  low  expense.  I  preferred  the  South  Pass  for  several 
reasons,  but  the  main  reason  was  that  while  there  was  sufficient  water  for 
the  wants  of  that  commerce  there  was  less  silt-bearing  water  than  in 
either  of  the  other  main  outlets,  and  in  future  similar  works  I  should 
select  the  smallest  suitable  outlet. 

In  the  discussion  of  the  Sulina  mouth  of  the  Danube,  it  has  been 
asserted  that  the  bar  is  formed  by  drift  along  the  coast.  Mr.  Charles 
Kuhl,  Resident  Engineer  with  Sir  Charles  A.  Hartley,  in  answer  to  a 
question,  informed  me  that  the  bar  was  formed  by  materials  carried 
along  the  bottom  of  the  river  mainly.  The  question  as  to  a  drift  bar 
was  not  raised  however.  He  further  stated  that  at  certain  seasons — 
those  of  floods — the  channel  outside  the  jetties  was  carried  north- 
ward by  deposits  from  the  river,  and  this  is  in  opposition  to  the 
littoral  current,  or  to  the  probable  cause  of  the  current,  the  prevailing- 
wind.  At  other  seasons,  notably  during  storms  and  during  low  water, 
the  deposit  to  the  south  of  the  channel  is  broken  down  and  dispersed 
and  the  channel  moves  southward.  This  I  understood  him  to  state  very 
distinctly.  On  the  north  side  of  the  northern  jetty  there  was  a  con- 
siderable scour  in  progress.  The  water  was  deeper  than  when  the  \eity 
was  built,  and  a  considerable  amount  of  rip-rap  had  been  thrown  in  to  pro- 
tect the  jetty.  The  scour  or  abrasure  extended  to  the  shore  end  and  an 
extensive  shoreward  extension  of  this  northern  jetty  had  been  made,  as 
I  understood,  in  consequence.  I  have  as  vet  been  unable  to  account  for 
this  scour  if  there  is  a  drift  along  the  coast,  as  thero  ought  to  be,  unless 
the  peculiar  direction  of  the  northern  jetty  as  compared  with  the  littoral 
current  produces  a  refluent  current. 
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At  Port  Said,  where  there  is  a  prevailing  westerly  wind,  and  an  tin- 
doubted  drift  from  the  Damietta  mouth  of  the  Nile,  at  least — if  not  from 
further  west — there  is  a  great  deposit  of  sand  going  on,  on  the  windward 
side  of  the  windward  or  western  jetty,  and  portions  of  the  sand  at  the 
outer  line  of  the  drift  pass  through  the  jetty,  which  is  built  of  loose 
blocks  of  concrete,  and  cause  trouble  in  the  harbor.  It  would  seem  to 
be  only  a  question  of  time  when  the  whole  jetty  will  be  enveloped. 
There  is  no  current  out  of  or  into  the  Suez  canal  except  such  as  is 
caused  by  wind. 

At  the  month  of  the  Rhone  the  jetty  system  was  abandoned  and  a 
lateral  canal  constructed.  These  jetties  were  merely  artificial  embank- 
ments which  converged  the  water  of  the  river  and  which  terminated  be- 
fore reaching  the  bar.  They  have  scarcely  any  resemblance  to  those  at 
the  Danube,  and  seem  to  have  been  designed  to  increase  the  current  of 
the  Rhone  and  direct  it  against  the  bar  in  front.  It  is  needless  for  me  to 
state  the  resiilt,  which  is  well  known.  Briefly,  a  great  flood  did  occur 
and  did  partially  remove  the  bar  in  front.  The  bar  was  re-formed  the 
following  year,  and  then  the  other  outlets  of  the  Rhone  were  closed,  with 
the  expectation  that  the  increased  volume  would  have  the  same  effect  as 
the  great  flood  did.  It  is  said  that  the  bar  now  increases  more  rapidly 
than  before.  •  May  not  the  increased  volume  be  the  cause  of  this,  just  as 
the  greater  volume  of  the  Southwest  Pass  of  the  Mississippi  increases 
the  bar  faster  than  the  pass  builds  its  bar.     I  can  scarcely  doubt  it. 

I  was  told  that  one  of  the  engineers  at  the  Rhone  advised  the 
extension  of  the  jetties  there,  across  the  bar  into  deep  water,  just  as  was 
done  at  Sulina.  We  cannot  say  that  this  would  have  been  successful, 
but  I  cannot  think  that  the  example  at  the  Rhone  should  be  insisted  on 
as  showing  an  unsuccessful  attempt  to  improve  a  river  mouth  by  means 
of  jetties — i.  e.,  such  jetties  as  have  been  constructed  at  Sulina  and  are 
proposed  for  the  South  Pass  of  the  Mississippi.  While  I  much  prefer  to 
remain  silent  during  this  discussion,  because  many  persons  have  had 
more  experience  in  these  matters,  pei'sons  who  will  take  part  in  the  dis- 
cussion; yet  having  visited  the  works  upon  what  I  have  commented  and 
having  as  a  member  of  the  Board  of  Engineers  to  which  Congress 
committed  the  final  decision,  given  my  voice  for  the  improvement  of  the 
South  Pass  of  the  Mississippi  by  means  of  jetties  in  preference  to  the 
construction  of  a  ship  canal,  I  deem  it  proper  to  submit  these  few  re- 
marks. 
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At  the  Seventh  Annual  Convention. 

(Continued  from  page  296.) 


ON   RIVER   MOUTHS — CONCLUDED. 

Mr.  C.  Shaler  Smith. — In  none  of  the  descriptions  or  criticisms  of 
proposed  work  at  the  Southwest  Pass,  has  it  been  mentioned  that  the  bar 
at  the  head  of  this  is  much  more  formidable  than  the  one  at  the  mouth — 
and  that  the  real  question  is,  how  to  get  the  proper  amount  of  water  into 
the  pass,  not  out  of  it.  If  too  much  water  is  let  in,  it  will  enlarge  the 
pass  and  cut  behind  and  under  the  jetties  at  the  mouth — -if  too  little,  the 
requisite  scouring  action  cannot  be  obtained.  However,  when  the  So- 
ciety meets  again  in  Convention  this  question  will  have  been  settled,  and 
those  of  us  who  wish  to  indicate  what  should  be  done  will  find  it  much 
easier  then  than  to-day. 


ON    RAINFALL,  RESULTING    WATER    SUPPLY    AND    GAUGING    OF   STREAMS.* 

Mr.  J.  Herbert  Shedd. — It  is  well  known  that  the  amount  of  water 
which  may  be  expected  to  flow  from  a  given  drainage  area  in  a  given 
time  is  dependent,  not  only  on  the  amount  of  rainfall,  but  largely  on 
the  geological  character  of  the  district  and  its  extent.  The  discharge  is 
also  much  influenced  by  the  previous  condition  of  the  atmosphere  and 
the  ground,  and  by  the  extent  of  basins  that  may  be  filled  and  retain  the 
water. 

From  the  character  of  the  district  under  discussion,  as  described  by 
Mr.  Croes,  and  the  comparatively  small  drainage  area — 20.37  square 
miles — it  is  surprising  to  find  the  flow,  from  what  were  considered  extra- 
ordinary freshets,  so  small.     The  greatest  flow  observed — in  August,  1867 

*  Referring  to— Notes  on  Flow  of  the  West  Branch  of  the  Croton  River,  J.  J.  R.  Croes,  Vol. 
Ill,  page  76,  and  to  a  resolution  offered  at  meeting  of  the  Society,  April  7th,  1875,  by  J.  J.  R. 
Croes,  "that  a  committee  of  three  members  of  the  Society  be  appointed  to  enquire  into  the 
feasibility  of  establishing  a  uniform  system  of  gauging  of  streams  and  rivers  of  known  water- 
shed, in  connection  with  observations  of  rainfall,  and  that  such  committee  be  empowered  to 
request  the  co-operation  of  the  Smithsonian  Institution  and  the  Franklin  Institute  in  the 
matter.  " 
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— under  a  rainfall  of  3.3S  indies  in  15  hours,  and  while  the  stream  was 
full  from  previous  rains,  was  at  the  rate  of  about  3  cubic  feet  per  minute 
per  acre  ;  and  the  greatest  estimated  discharge,  in  February,  1S70,  when 
the  ground  had  been  covered  with  snow,  under  a  warm  rain  of  2.41 
inches  in  28  hours,  which  melted  the  snow,  was  at  the  rate  of  about  4.5 
cubic  feet  per  minute  per  acre.  Now.  froma  "peculiarly  steep  and  imper- 
vious water-shed,"  of  that  area,  this  flow  must  be  considered  very  smalL 

Flat  river,  in  Rhode  Island,  from  a  drainage  area  of  about  61  square 
miles,  yielded  during  a  freshet  in  March,  1813,  about  11.:;:!  cubic  feet  per 
minute  per  acre.  The  nearest  known  rain-gauge  was  at  Providence. 
about  15  miles  from  the  centre  of  the  drainage  area,  where  a  rainfall  of  3.33 
inches  had  occurred  on  the  day  before  the  above  discharge  was  measured. 
There  is  no  definite  record  of  the  time  during  which  the  rain  fell,  but  it 
is  probable  that  the  discharge  from  the  melting  snow  and  the  rain  was  at 
a  rate  greater  than  that  of  the  rainfall.  The  amount  of  rain  and  snow 
that  had  previously  fallen  in  March  was  2.25  inches  ;  that  which  had 
fallen  in  February  was  5. 27 inches.  The  temperature  for  the  two  months,, 
up  to  March  28th,  when  the  rain  causing  the  freshet  occurred,  had 
averaged  below  freezing,  and  it  is  probable  that  a  large  body  of  snow 
lay  on  the  mound.  Such  a  combination  of  circumstances  as  caused  this 
freshet  is  undoubtedly  rare  but  not  unprecedented. 

The  discharge  of  Nashua  river  at  Leominster,  Mas-.,  in  1848  (?)  was 
at  the  rate  of  about  9.8  cubic  feel  per  minute  per  acre,  from  a  drainage 
area  of  about  In1.'  squaremiles,  during  an  extraordinary  freshet.  There 
ai-e  two  considerable  reservoirs  very  near  the  head  waters,  and  from  15  to 
20  mill-ponds  on  the  river,  having  generally  areas  of  from  J  acre  to  1  acre. 
The  fall  averages  about  50  feet  per  mile,  the  valleys  are  generally  narrow 
and  the  cross  slopes  steep.  At  anothertime — later — this  river  discharged 
about  6.66  cubic  feet  per  minute  per  acre  at  a  point  where  the  drainage 
area  was  about  84.5  square  miles. 

The  discharge  of  the  Pawtuxet  river,  at  a  point  about  2.5  miles  above 
the  pumping-station  where  water  is  taken  to  supply  the  city  of  Provid- 
ence, wasat  the  rate  of  about  5. 33  cubic  feet  per  minute  per  acre  from  a 
drainage  area  of  about  190  square  miles,  during  a  freshet  in  the  spring 
of  1867.  Old  inhabitants  remember  a  freshet  which  flooded  the  low 
grounds  more  than  this  one. 

Mr.  J.  F.  Bateman  stated  to  the  Institution  of  Civil  Engineers  in 
London,f  that  in  1849,  during  the  early  progress  of  the  work,  a  flood 

*  Given  by  Edward  Sawyer,  C.  E.,  of  Boston. 

t  Minutes  of  Proceedings,  Institution  of  Civil  Engineers,  Vol.  XXII,  page  362. 
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occurred  at  the  Woodhead  reservoir  of  the  Manchester  Water  Works, 
from  a  drainage  area  of  about  11  square  miles,  which,  at  its  maximum, 
amounted  to  30  cubic  feet  per  minute  per  acre.  In  185(3  the  quantity  of 
flood  water  flowing  into  the  Woodhead  reservoir  for  7  hours  40  minutes 
was  equal  to  18  cubic  feet  per  minute  per  acre.  In  May,  1862,  for  a  period 
of  2.5  hours,  the  flow  was  equal  to  22.5  cubic  feet ;  for  7  hours — to  14.8 
cubic  feet,  and  for  13  hours — to  9. 33  cubic  feet,  per  minute  per  acre.  Dur- 
ing the  years  1833,  1856  and  1857,  Mr.  Bateman  had  the  means  of  ascer- 
taining with  great  accuracy  the  quantity  of  water  flowing  off  the  ground, 
in  a  given  time,  from  the  river  Medlock,  at  Manchester,  a  short  stream  run- 
ning through  the  city,  and  draining  about  18.75  square  miles,  principally 
of  clay  land.  The  maximum  quantity  of  water  passing  off  in  those  years 
was  equal  to  10.1,  12.6  and  15.13  cubic  feet  per  minute  per  acre,  re- 
spectively. At  the  Manchester  Water  Works,  during  the  flood  of  Feb- 
ruary, 1852,  the  water  which  came  down  from  a  district  of  24  square 
miles  was  measured  either  in  reservoirs  or  through  discharge  pipes  and 
gauges,  and  the  highest  flow  was  found  to  be  about  15  cubic  feet  per 
minute  per  acre.  At  the  Glasgow  Water  Works  in  October,  1854,  the 
flood  from  3  lakes,  which  formed  one  thirty-fourth  the  total  drainage 
area  of  70  square  miles,  was  7.5  cubic  feet  per  minute  per  acre.  On  the 
same  day,  from  lakes  of  one-eleventh  the  drainage  area  of  71.5  square 
miles,  the  flow  Avas  less  than  half  the  above  rate,  showing  the  regulating 
effect  of  the  difference  in  storage  capacity  in  the  lakes.  The  quantity 
stored  in  and  discharged  from  Loch  Katrine — draining  36.4  square  miles — 
continued'  to  be  at  the  rate  of  about  10  cubic  feet  per  minute  per  acre  for 
24  hours,  and  at  the  rate  of  about  7. 5  cubic  feet.  f<  >r  48  hours.  The  surface 
of  Loch  Katrine  forms  one-eighth  its  drainage  area.  In  the  river  Clyde, 
at  Carstairs,  in  the  winter  of  1856-'57,  from  a  drainage  area  of  297  square 
miles,  the  flow  of  water  was  equal  to  6  cubic  feet  per  minute  per  acre,  less 
than  half  of  which  passed  down  the  river  channel,  the  remainder  sweep- 
ing over  the  flooded  land. 

In  contrast  with  these  large  quantities,  the  following  examples  may  be 
cited.  The  largest  amount  of  water  received  into  Lake  Cochituate — which 
supplies  Boston  with  water* — was  during  a  freshet  in  February,  1869.  A 
rainfaU  of  3.36  inches  was  followed  by  a  rise  of  10  inches  in  the  lake  in  24 
hours, which,  with  the  amount  drawn  through  the  conduit,  would  equal  1.63 
cubic  feet  per  minute  per  acre  for  that  period.  The  lake  then  being  full, 
the  stop  planks  were  taken  out.     No  rain  has  occurred  in  the  summer 

*  As  given  by  Joseph  P.  Davis,  C.  E.,  City  Engineer,  who  says,  however,  that  the  records 
have  not  been  so  kept  as  to  give  such  information  satisfactorily. 
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that  raised  the  lake  more  than  one  or  two  inches  in  24  hours.  The  drain- 
age area  is  about  19  square  miles. 

The  Assabet  river  at  Rock  Bottom,  in  Massachusetts,  discharged  1.37 
cubic  feet  per  minute  per  acre  from  a  drainage  area  of  about  90  square 
miles,  in  a  freshet  which  occurred  in  March,  1865,  and  was  believed,  by 
an  intelligent  resident  of  the  place  since  1823,  to  be  as  large  as  any  he 
had  ever  seen  on  that  river.  Neville  gives  the  maximum  rise  in  the 
Lough  Allen  drainage  area,  of  146  square  miles,  on  the  upper  Shannon, 
in  Ireland,  as  equal  to  1.44  cubic  feet  per  minute  per  acre. 

Fish  creek,  the  outlet  of  Saratoga  lake,  in  New  York,  discharged  in 
the  spring  of  1872  (the  highest  freshet  known),  0.78  cubic  feet  per  minute 
per  acre,  at  a  point  Avhere  the  drainage  area  was  estimated  to  be  236 
square  miles.  In  the  Minutes  of  Proceedings  of  the  Institution  of  Civil 
Engineers  for  1868,  the  flood  discharge  of  the  river  Earn,  in  Scotland, 
having  a  drainage  area  of  340  square  miles,  is  given  at  0.99  cubic  feet 
per  minute  per  acre.* 

The  West  Branch  of  the  Croton  river  seems  either  to  belong  to  the 
latter  class  of  gathering  grounds  rather  than  the  former,  or  to  be  sub- 
ject to  greater  freshets  than  have  been  recorded. 

A  table  of  48  instances  of  storm-flow,  compiled  from  various  sources, 
is  presented,  together  with  a  diagram  on  which  these  instances  are  plotted 
in  their  relative  positions  by  using  the  drainage  areas  for  abscisses  and 
the  discharges  for  ordinates.  The  most  striking  fact  brought  to  notice 
by  this  diagram  is  the  great  influence  of  area  upon  the  discharge  of 
"  quick  "  rivers.  A  consistent  curve  drawn  through  the  points  of  highest 
discharge,  ami  another  drawn  through  those  of  least  discharge,  will  en- 
close a  zone  in  which,  rivers  on  being  plotted  as  to  area  and  discharge, 
may  be  classed  in  all  gradations  from  "slow"  to  "quick."  The  greatest 
exception  to  the  general  curve  for  "  quick  "  rivers,  is  that  of  the  Loire, 
in  France,  which  is  recorded  as  having  discharged,  during  the  flood  of 
October,  1846,  10.58  cubic  feet  per  minute  per  acre,  from  an  area  of 
2  2(H)  square  miles. 

Mr.  Robert  Manning  stated  in  1868f  that  he  had  collected  more  than 
80  cases  of  flood  discharge  in  Ireland,  "  a  mere  arrangement  of  which,  in 
the  order  of  the  areas  of  their  basins,  roughly  indicated  the  general  law 
under  the  influence  of  which,  sudden  floods  were  known  almost  entirely 
to  disappear  in  large  rivers."  He  did  not,  however,  give  any  other  facts 
in  relation  to  the  matter,  except  that  the  maximum  discharge  varied  from 
0  6  to  15  cubic  feet  per  minute  per  acre. 

*  Minutes  Proceedings,  Inst.  Civil  Engineers,  Vol.  XX VII,  page  215.        t  Co.  page  261. 
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Records  which  should  give  the  time  and  amount  of  rainfall,  the  pre- 
vious condition  of  the  ground  as  to  moisture  and  the  amount  of  snow 
which  may  be  lying  on  it,  the  ana  of  the  basin,  the  length  of  run  of 
the  water,  the  rate  of  fall  in  the  slopes  and  in  the  length  of  the  river, 
the  storage  capacity  within  the  basin,  the  geological  character  of  the 
surface  and  the  season  of  the  war — would  be  of  very  great  value  to 
hydraulic  engine*  r  -. 

I  will  add  that  Mr.  Croes  has  this  morning  given  to  me  data  in 
regard  to  a  freshet  on  April  30th,  hs.">h  observed  at  the  main  Croton  dam. 
from  which  I  roughly  estimate  the  discharge  to  have  been  at  the  rate  of 
6  cubic  feet  per  minute  per  acre.  This  decidedly  places  the  district  in  the 
class  of  "  quick  "  rivers,  and.  as  it  may  be  fair  to  suppose,  from  the  dif- 
ference in  tlio  surface  and  in  the  area,  that  such  a  freshet  would  yield  15 
cubic  feet  per  minute  per  acre,  in  the  West  Branch,  we  may  conclude 
that  a  flood  -1  or  5  times  as  large  as  lias  been  observed,  ma;,  be  expected. 

That  the  amount  of  rainfall  is  not  alone  sufficient  to  indicate  the  dis- 
charge t"  l'e  expected,  is  well  illustrated  by  a  comparison  of  the  storm  of 
A n.i"  i si  lcth,  Isi'm  when  a  rainfall  of  :!.:;>  inches  gave  the  greatest  ob- 
served How;  with  that  of  October  5th,  L869 — when  a  rainfall  of  5.23 
inches  yielded  but  little  more  than  half  as  much  as  the  former. 

Mi,-.  \V.  MrxjNOE  Roberts.  The  paper  under  consideration  is  a  valu- 
able presentation  of  the  proposed  preliminary  precautions  to  lie  taken 
and  observations  to  be  made  before  establishing  the  location  of  storage 
reservoir  dams,  or  fixing  upon  their  dimensions,  and  upon  the  area  of  the 
reservoir.  Having  had  personal  experience  many  years  ago  in  the  con- 
struction of  lar  ■  reservoirs  in  western  Pennsylvania,  designed 
for  canal  feeders,  one  of  which  constituted  the  entire  water  supply  for  55 
miles  of  the  Erie  canal  of  Pennsylvania,  I  can  appreciate  the  value  of 
the  system  pursue  I  in  conn  :fcion  with  the  preliminary  study  of  the  flow 
of  the  West  Branch  of  the  Croton  river. 

Those  who  may  have  real  th  ■  paper  carefully  may  have  observed  the 
remarkable  variations  in  the  flow,  connected  more  or  less  with  the  fluc- 
tuating quantities  of  rainfall,  tending  to  show  the  necessity  and  value  of 
repeated  and  long-continued  observations  if  we  would  arrive  with  any 
degree  of  accuracy  at  the  minimum  and  maximum  supply  of  any  given 
stream.  No  two  localities  are  alike,  either  in  the  quantity  of  rainfall 
or  the  available  surplus  therefrom  that  may  be  secured  by  means  of  dams 
and  reservoirs.  My  experience  has  proved  that  the  differences  are  in 
some  cases  very  remarkable.     Even  in   different  parts  of  the  compara- 
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tively  small  area  of  England  the  variation  of  rainfall  in  different  counties 
is  as  three  to  one.  In  our  country,  on  the  Pacific  coast,  the  variation 
within  our  own  territory  is  between  3  inches  per  annum  in  one  case 
and  76  inches  in  another.  Generally  throughout  the  United  States,  east 
of  the  Rocky  Mountains,  the  variations  range  between  20  and  50  inches 
per  annum.  The  value  of  the  paper  consists  in  the  systematic  and  in- 
telligible presentation  of  the  practical  points  to  be  attended  to  by  an 
engineer  before  determining  finally  plans  for  works  in  connection  with 
supply  and  use  of  water  by  reservoirs. 

Me.  William  Rotch. — In  January,  1873,  some  remarkable  rains 
occurred  in  the  southern  part  of  Massachusetts  near  Fall  River.  From 
the  4th  to  the  22d  of  this  month,  a  period  of  18  days.  Wautuppa  lake, 
having  an  area  of  about  Gh  square  miles,  and  a  water  shed  of  about  28+ 
square  miles,  rose  18]  inches,  more  than  an  inch  a  day.  The  variation 
between  the  highest  and  lowest  levels  ever  recorded  is  5  feet,  and  the 
greatest  in  one  year,  which  was  from  September  13th,  1872,  to  May  12th, 
1873.  was  4.65  feet.  The  daily  discharge  at  the  outlet  of  the  lake  is  about 
'36  000  000  gallons.  During  the  18  days  in  January,  1873,  referred  to, 
the  maximum  amount  collected  in  12  hours  was  at  the  rate  of  6.5  cubic 
feet,  and  in  24  hours  was  4.4  cubic  feet — per  minute  per  acre.  The  total 
amount  was  at  an  average  rate  of  0.77  cubic  feet  per  minute  per  acre  of 
water  shed,  which  is  quite  remarkable  on  account  of  the  length  of  time 
■covered. 

During  the  recent  severe  rain,  June  10th,  1875,  the  lake  rose  6  inches 
in  24  hours,  and  the  amount  collected  in  that  time  was  at  the  rate  of  3.63 
cubic  feet  per  minute  per  acre.  The  maximum  in  6  hours  was  at  the  rate 
of  6. 75  cubic  feet  per  minute  per  acre. 

Mb.  Theodoke  G.  Ellis. — In  all  measurements  and  estimates  of 
the  discharge  from  a  given  district  due  to  the  rainfall,  the  gauging  of  the 
streams  through  which  the  water  runs  off  seems  to  be  a  very  important 
element,  and  it  is  very  desirable  to  know  what  formula  and  methods  are 
used  in  the  gauging  before  placing  much  confidence  in  the  results. 

Up  to  a  very  recent  date,  the  subject  of  hydraulics  generally,  and  the 
measurement  of  water  flowing  in  streams,  has  been  in  a  very  loose  con- 
dition. The  old  ideas,  based  upon  theoretical  considerations  almost 
entirely,  have  led  to  very  erroneous  formula.'  for  the  practical  measure- 
ment of  flowing  water.  The  first  work  of  value,  and  1  think  the  greatest 
one  now  in  print,  all  things  considered,  was  the  Report  upon  the  Physics 
and  Hydraulics  of  the  Mississippi  River,  by  Humphreys  and  A.bbot.     In 
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this  there  are  certain  principles  presented  which  arc  very  valuable  in 
measuring  the  discharge  of  streams  ;  but  many  engineers  have  been 
deterred  from  the  nse  of  the  formulae  given,  on  account  of  their  seeming 
complexity  and  the  difficulty  of  applying  them. 

Having,  during  the  past  two  years,  had  occasion  to  gauge  the- 
discharge  of  a  number  of  streams,  varying  in  size  from  a  river  of 
100  000  cubic  feet,  to  a  mill-race  of  10  cubic  feet  per  second,  the  results 
of  my  experience  may  be  interesting.  Some  1  .100  observations  of 
velocity  have  been  taken,  some  with  double  floats,  as  recommended  by 
Humphreys  and  Abbot,  sonic  with  current  meters,  and  some  with  vertical 
floats,  such  as  are  described  by  Mr.  Francis  in  the  account  of  his  Lowell 
experiments.  The  velocities  have  been  measured  at  all  depths,  from  the 
surface  to  the  bottom  with  current  meters,  which  was  not  always  prac- 
ticable with  floats. 

As  there  is  not  time  now  to  describe  methods  and  processes,  lean 
only  give  some  of  the  results,  and  briefly  state  what  1  consider  the  most 
practical  methods  of  gauging.  It  would  probably  take  some  hours  to' 
give  the  details. 

I  have  found  from  a  large  number  of  experiments,  tint  in  flowing 
water,  when  there  is  no  wind  blowing  up  or  down  stream,  the  average 
velocity  in  any  vertical  section  of  a  Large  stream  is  very  nearly  five- 
eighths  of  the  deptli  from  the  surface  to  the  bottom;  so  that  for  an 
approximate  rule  for  measuring  the  volume  of  discharge,  we  can  take 
the  velocity  at  five-eighths  of  the  depth  at  a  number  of  places  across 
the  stream,  and  these  will  give  verj  nearly  the  average  flow. 

The  best  method,  however,  is  to  take  the  mid-depth  velocity  at  each 
of  the  several  sections,  and  multiply  it  by  a  suitable  factor,  varying  be- 
tween 0.93  and  o.'.»7,  to  obtain  the  mean  velocity  in  that  section,  according 
to  the  character  of  the  stream,  as  described  by  Humphreys  and  Abbot. 
Their  mid-depth  formula  is  an  excellent  approximate  rule  for  estimating 
the  volume  of  water  flowing  in  natural  channels.  But  the  rule-  they 
give  of  measuring  the  velocity  at  half  the  mean  depth  of  the  whole 
cross  section,  or  at  half  the  mean  hydraulic  radius,  all  the  way  across  the 
river,  and  calling  the  mean  velocity  found  the  mean  mid-depth  velocity, 
is  quite  inaccurate  when  applied  to  streams  generally,  although  suitable 
for  an  approximate  measurement  for  some  cross  sections.  I  notice  that 
Gen.  Abbot  has  omitted  it  in  his  more  recent  publications. 

For  the  rapid  gauging  of  rivers  I  think  there  is  a  much  easier  way  of 
computing  their  discharge  than  by  the  Humphreys  and  Abbot  mid-depth 
formula.     The  mid-depth  volocities  at  equal  distances  across  the  river 
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are  taken  in  any  accurate  manner,  and  the  mean  velocities  found  by 
multiplying  by  the  proper  factor,  0.95  being  sufficiently  accurate  for  any 
but  the  most  exact  gauging  ;  now  it  is  evident  that  the  discharge  per 
second  will  be  a  quantity  that  is  represented  by  a  solid,  of  which  the 
section  across  the  stream  will  be  the  base,  enclosed  by  the  surface  of  the 
water  and  the  bottom  of  the  river  as  sides,  and  of  a  height  in  feet  equal  to 
the  velocity  in  feet  per  second  at  each  point  of  the  cross  section.  The 
solid  contents  of  this,  will  give  the  exact  discharge  of  the  stream  in  feet 
per  second,  and  the  simplest  manner  of  computing  this  solid  will  give 
the  A-olume  of  discharge  the  most  readily. 

When  the  velocities  are  taken  at  equal  distances  across  the  section,  or 
in  the  middle  of  each  division,  the  best  method  appears  to  be  to  multiply 
each  mean  velocity  by  the  depth  at  that  point,  add  the  products  and 
divide  by  the  sum  of  the  depths,  to  obtain  the  mean  velocity  of  the 
water.  This  multiplied  by  the  area  of  the  section  will  give  the  dis- 
charge. The  prismoidal  formula  can  be  applied  to  the  rectangles  of  the 
mean  velocities  by  the  depths,  and  will  give  an  exact  result  if  we  con- 
sider the  surfaces  between  the  sections  to  be  planes.  Simpson's  rule  can 
also  be  used,  or  the  arithmetical  means  between  the  sections  can  be 
multiplied  by  the  distance  between  them. 

This  latter  is  the  best  method  when  the  distances  between  the  meas- 
ured velocities  are  irregular.  If  the  surfaces  were  all  planes  this  would 
give  slightly  too  large  results,  but  as  the  bottom  usually  curves  d<  »wn- 
ward  between  the  points  taken,  and  the  curved  surface  representing  the 
velocities  rounds  outward,  the  method  by  averaging  end  areas  gives  very 
exact  results.  A  variety  of  methods  of  computing  the  above  described 
solid,  adapted  to  the  various  conditions  and  circumstances  of  each  case, 
will  occur  to  the  engineer. 

For  gauging  with  the  greatest  attainable  accuracy,  in  place  of  tin* 
mean  section  velocities  taken  from  the  mid-depth,  the  actual  mean  of  all 
the  velocities  taken  at  each  foot,  or  other  short  distances  in  depth,  must 
be  used.     The  metln  >d  of  computation  will  be  the  same. 

There  is  another  method  winch  I  have  used  to  obtain  the  mean 
velocity  at  any  point  that  gives  great  accuracy  without  much  labor  in 
making  observations.  Tins  is  to  integrate  the  velocities  mechanically, 
by  lowering  and  raising  a  current  meter  from  the  surface  to  the  bottom 
and  back,  at  a  uniform  rate  ;  the  result  indicated  by  the  meter  being 
the  mean  velocity  in  the  vertical   plane. 

For  obtaining  sub-surface  velocities  at  .uiven  points  I  have  used  both 
well   rated  current   meters  and   the   double    floats  with    substantially  the 
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same  results.  The1  character  of  the  bed  will  indicate  which  is  to  be 
preferred. 

For  small  streams  15  or  20  feet  wide,  canals,  and  null-races,  when  it 
is  desired  to  measure  a  small  quantity  of  water  with  great  accuracy,  a 
different  plan  has  been  adopted.  It  is,  I  believe,  entirely  original,  as  I 
have  never  known  of  its  being  used  by  others.  The  operation  is  simple, 
rapid  and  accurate.  A  stream  -4  or  5  feet  deep  and  12  or  15  feet  wide 
can  be  gauged  in  a  very  few  minutes,  so  as  to  obtain  its  volume  within 
probably  one  per  cent.,  which  I  think  is  all  that  can  be  desired  in  such 
measurements. 

I  have  a  very  carefully  rated  current  meter  which  will  revolve  at  low 
velocities.  This  is  fixed  upon  the  end  of  a  piece  of  half-inch  gas-pipe, 
a  ladder  or  plank  is  thrown  across  the  stream  for  a  bridge.  At  a  given 
signal  the  meter  is  moved  slowly,  and  at  a  uniform  rate,  up  and  down 
across  the  stream,  on  lines  at  equal  distances  apart,  and  when  it  arrives  at 
the  opposite  hank  it  is  moved  hack  again  in  the  same  manner  to  the 
place  of  starting.  I  find  it  a  very  convenient  way  of  measuring  to  move 
down  diagonally  to  the  bottom  at  each  half  foot  and  back  to  the  surface 
at  each  foot,  and  so  on  across  the  stream  and  hack.  The  exact  times  of 
stalling  and  stopping  are  noted  by  an  assistant.  In  this  way  the  veloci- 
ties over  the  whole  area  are  integrated;  equal  spaces  are  passed  over  in 
equal  times,  so  that  no  matter  how  much  the  velocities  may  vary,  the  sum 
of  all  the  velocities  will  be  shown  by  the  dial  of  the  current  meter. 

One  thing  in  this  operation  that  at  first  struck  me  as  a  little  curious 
is  that  m  passing  across  the  stream  in  one  way  we  scmetimes  get  a 
slightly  different  result  from  that  obtained  in  passing  hack  again.  At 
first  I  thought  it  might  be  some  peculiarity  in  the  working  oi  one  instru- 
ment, but  on  trying  it  in  different  canals  I  found  that  it  was  sometimes 
one  way  and  sometimes  the  other,  and  finally  discovered  the  cause.  In 
all  case's  tlie  thread  of  the  current  does  not  run  directly  parallel  to  the 
axis  of  the  canal  ;  it  is  a  little  serpentine,  so  that  if  a  direction  at  right 
angles  to  the  canal  is  taken,  the  current  will  approach  it  a  little  diagon- 
ally. Tin' meter,  therefore,  in  moving  across  one  way  advances  a  little 
against  the  current,  and  in  going  in  the  opposite  direction  moves  a  little 
with  it,  so  that  the  actual  amount  of  water  passing  it  is  greater  in  one 
case  than  the  other.  The  system  is  so  sensitive  that  it  will  show  dis- 
tinctly if  the  current  is  at  all  out  of  the  axis.  By  moving  both  ways  the 
correct  volume   is    obtained. 

The  method  adopted  by  Mr.  Francis  in  measuring  the  flow  in 
canals  by  means  of  tubes,  would  be  perfect  if  we  could  use  enough  of 
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them  and  always  have  our  canals  rectangular.  But  there  are  many  ob- 
jections to  it  in  gauging  streams.  In  the  first  place,  canals  leading  to 
mills  usually  vary  in  their  discharge.  Heavy  machinery  is  often  stopped 
and  started  so  as  to  vary  the  power  required  and  cause  a  fluctuation  in 
the  stream  ;  with  floats  we  can  only  get  a  general  average  of  the  flow, 
as  the  operation  of  ganging  requires  some  hours,  while  with  the 
method  described,  taking  but  a  few  minutes,  we  get  the  exact  discharge 
at  any  desired  time. 

Then  in  irregular  canals,  and  those  with  side  slopes,  where  floats  can- 
not be  used  with  accuracy,  the  method  by  integration  is  as  correct  as 
in  those  with  vertical  sides.  Equal  spaces  are  passed  over  in  eqiial  times. 
and  the  mean  velocity  recorded  by  the  dial. 

I  think  the  two  methods  named  for  large  and  small  streams  provide 
for  all  cases  that  are  likely  to  occur,  and  I  have  used  them  with  very 
accurate  results. 

There  is  one  other  point  incidental  to  gauging  rivers  that  I  have 
found  from  experience  to  be  useful.  It  has  been  found  from  exact  gaug- 
ings  of  rivers,  especially  the  Mississippi,  that  the  volume  for  a  certain  stage 
is  greater  when  the  river  is  rising  than  when  falling.  This  irregularity  can 
be  avoided,  and  a  nearly  uniform  discharge  for  any  given  height  obtained, 
by  selecting  a  place  for  gauging  just  above  a  dam  or  rapid  fall  in  the 
bed  of  the  stream.  We  know  very  well  that  a  dam  discharges  exactly  the 
same  quantity  at"  tic  same  height,  so  that  if  we  select  such  a  place,  as  has 
been  described,  the  height  will  be  nearly  or  quite  uniform  for  the 
same  volume,  whether  the  river  is  rising  or  falling. 

Me.  J.  James  R.  Ceoes. — I  cannot  agree  with  Mr.  Ellis  as  to  the  relia- 
bility of  results  obtained  by  a  current  meter  in  shallow  streams  of  irregu- 
lar cross  section,  where  the  wet  perimeter  is  very  great  in  proportion  to 
the  sectional  area.  His  method  may  apply  well  to  rectangular  flumes, 
but  I  doubt  whether  it  will  give  more  than  a  very  rough  approximation 
to  the  discharge  of  a  small  stream  flowing  in  its  natural  bed. 

The  great  difference  between  the  Hood  discharges  of  different  rivers  is 
doubtless  due  in  a  great  measure  to  the  diverse  character  of  the  water- 
sheds of  those  streams;  a  considerable  portion  of  this  difference,  how- 
ever, probably  arises  from  the  more  or  less  inaccurate  method  of 
measurement  and  of  computation  of  the  flow.  The  flow  of  the  West 
Branch  of  the  Croton  was  measured  over  a  weir,  in  which  the  end  and 
bottom  contractions  were  perfect,  and  the  computations  were  made  1>\ 
Mr.  Francis'  formula,  but  as  the  heads  were  greater  than  the  greatest 
actually  tested  by  him,  the  results  are  possibly  a  little  smaller  than  the 
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true  flow.  The  flow  of  the  main  Croton  river  was  over  a  curved  lip  of 
stone  work,  and  the  depth  of  flow  was  measured  by  a  gauge  board  on  the 
winy  walls  several  feet  back  of  the  lip.  The  flow  from  Lake  Cochituate 
is  stated  to  have  been  measured  by  dipping  a  rule  into  the  water — which 
can  give  only  approximate  results. 

I  would  call  attention  to  the  remarkable  '.'act  alluded  to  in  my  paper, 
that  the  proportion  of  rainfall  for  May  and  June  docs  not  vary  one 
per  cent,  from  the  average  How  for  the  whole  year — taking  4  years  on 
the  West  Branch,  6  years  on  the  Croton  river  and  9  years  at  Boston.  I 
would    like    to    know   if   this    is   confirmed    by    experience    on    other 

streams. 

Two  extraordinary  freshets  have  occurred  in  the  Croton  river  since 
the  construction  of  the  aqueduct.  The  first  was  on  .January  7th,  1841, 
and  carried  away  the  dam,  which  had  a  waste  overfall  of  only  90  feet. 
The  flood  is  said  to  have  reached  its  maximum  just  before  the  breach  oc- 
curred, and  the  head  on  tin-  wasteway  was  then  lo  feet.  The  other 
great  flood  was  on  April  30th,  1854,  when  the  hea  1  on  tj  wasteway  was 
8.5    feet.      The   overfall    was  then,  as  at    present,  in    two  dons,    respec- 

tively til)  and  L80  feet  lone-. 

The  greatesl  freshel  since  that  time  was  on  January  7th,  L874,  when 
the  head  was  6.67  feet.  For  comparing  th-  flood  discharges  of  the  "NY est 
Branch  water-shed,  and  the  whole  Croton  water-shed,  I  have  prepared 
the  following  table,  in  which  is  shown  the  discharge  in  cubic  feet  per 

minute  per  acre  of  Water-shed,   for  each  stream  ill  the  same  freshet.       The 

greatest  flow  at  the  Croton  dam  was  generally  on  the  day  after  the  dis- 
charge at  the   West    Branch  dam  was  largest. 

For  heads  as  greal  as  those  under  which  these  discharges  took 
place  there  are  no  formula'  derived  from  actual  experiments:  the  one 
of  discharge  being  for  toot  measures  and  cublic  feet  per  minute, 
D=321  C.  I.  \  // :,  the  value  of  C  must  be  assumed  as  increasing  with  //. 
For  these  calculations  I  have  used  for  ''the  value  0.562,  when  h  equals 
1  foot,  and  have  increased  it  at  the  rate  of  0.02  for  each  foot  of  head. 
This  value  and  rate  of  increase  for  the  co-efficient  agree  very  closely 
with  Mr.  Francis'  experiments  on  the  Lawrence  dam  with  heads  vary- 
ing from  7  to  20  inches.  The  table  on  next  page  shows  the  head  on 
the  dam,  and  the  co-efficient  used  in  each  case. 

From  this  table  it  appears  that  the  proportional  discharge  is  greater 
from  the  West  Branch  than  from  the  whole  river,  and  that  a  freshet  may 
be  expected  there,  at  least  50  per  cent,  greater  than  any  experienced 
since  the  construction  of  the  storage  reservoir. 
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Flood  Discharge  of  Croton  "Water. 


Jan.  7,  1841 

April  30,  1854... 
August  16,  1867. 
March  18,  1868.. 
May  14,  "  . 
May  22,  "  . 
Oct.  4,  1869.... 
Oct.  11,  "  ... 
Dec.  23,  "  ... 
Jan.  3,  1870... 
Feb.  18,  "  .... 
April  19,  "  . . . . 
Jan.  7,  1874 


discharge  in  cubic  feet  per 
Minute  Per  Acre. 

Head,  feet. 

Main   Stream. 

Water-shed 
216  845  acres. 

West  Branch, 
Water-shed* 
13  037   acres. 

15 

0.842 

6.516 

8.5 

0.712 

7.052 

.... 

3.11 

2.25 

0.587 

0.792 

1.483 

2.25 

0.587 

0.792 

2.25 

2.33 

0.589 

0.839 

1.93 

o 

0.582 

0.658 

1.605 

1.33 

0.569 

0.349 

1.314 

2.08 

0.585 

0.486 

1.439 

2.25 

0.587 

0.792 

1.317 

3 

0.602 

1.25 

4.47 

2.08 
6.67 

0.585 
0.675 

0.486 

4.647 

1.628 
5.103 

Mr.  Theodore  G.  Ellis. — I  gauged  the  flume  at  Uniouville,  Con- 
necticut, by  Mr.  Francis'  system,  by  tlie  meters,  and  likewise  by  weir, 
and  considering  errors  due  to  the  difference  of  the  machinery  run  in 
the  mill,  the  results  practically  agree.  It  is  impossible  to  run  a  line  of 
floats  in  any  mill  flume  and  get  the  same  results  in  successive  experi- 
ments which  require  3  or  4  hours  each. 

By  comparison  with  weir  measurements  I  have  found  that  the  system 
with  meters  gives  as  correct  results  as  that  with  the  floats  of  Mr.  Francis. 

Mr.  J.  James  E.  Croes. — I  would  inquire  whether  such  comparison 
was  made  in  irregular  streams  which  often  are  to  be  gauged  to  determine 
water  supply  ;  such  rarely  flow  uniformly  for  two  hours  in  succession. 

Mr.  Theodore  G.  Ellis. — The  measurements  were  in  square  flumes 
with  perpendicular  sides  and  in  canals  with  sloping  banks  ;  in  the  latter, 
experiments  with  the  floats  were  very  unsatisfactory,  as  the  serpentine 
current  carried  them  against  the  banks  ;  they  either  touched  or  ran  too 
far  from  the  bottom  and  not  one  experiment  in  three  could  be  relied  upon. 
Without  doubt,  weir  measurements  are  more  exact  than  others,  Imt  in  a 
great  many  cases  they  are  impracticable  and  often  expensive,  and  conse- 
quently under  such  circumstances  the  proposed  system  is  preferable. 

*  The  discharges  noted  in  this  column  occurred  in  the  same  freshets,  as  those  noted  in 
preceding  column,  but  generally  a  day  sooner. 
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ON   RETAINING    WALLS    AND   DAMS.* 

Mr.  William  W.  Maclat.— In  the  Memoir  on  the  Construction  of 
a  Masonry  Dam,  Mr.  Croes  has  given  (£83)  the  cost  of  stone-cutting 
for  1861-2  on  work  done  for  the  Croton  reservoir.  Below  is  given 
the  cost  of  cutting  several  kinds  of  masonry  for  the  New  York  Depart- 
ment of  Docks  in  1871-5,  and  in  sunn'  points  it  will  lie  found  useful  to 
compare  them  with  Mr.  Croes' experience. 

Between  December,  L873,  and  May,  1875,  with  an  average  force  of  40 
stone-cutters,  2  065  yards  of  granite  of  the  following  kinds  were  cut  in 
the  Deparl  ment  yard  : 

1  524  yards  of  dimension  stone  were  cut  into  headers  and  stretchers. 
This  stone  was  cut  to  lay  |  inch  beds  and  joints,  the  faces  being  pointed 
work  with  a  chisel  draft  1  \  indies  deep.  The  headers  averaged  2  feet  on 
the  face  by  3  feet  iii  depth  :  stretchers,  6  feet  long  by  2  feet  deep,  the 
rise  being  20,  22  and  26  inches  for  their  different  courses. 

310  yards  of  coping  were  cul  to  lay  ,  inch  beds  and  joints  of  the  fol- 
lowing dimensions,  8  feet  long,  1  feet  wide,  and  2j  feet  rise,  pointed  on 
the  face,  with  chis<  1  draft  same  as  headers  and  stretchers,  and  8-cut  pat- 
ent hammered  on  top,  with  a  round  of :;_  inches  radius. 

2:!!  yards  of  springers,  keystones,  &c,  for  arched  pier  at  the  Battery 
were  cut.  These  stones  were  of  various  dimensions,  part  being  pointed 
work  and  pari  6-cut  patent  hammered. 

I'm'  tlie  1  524  yards  of  dimension  stone  cut  into  headers  and  stretch- 
ers, the  average  time  of  stone-cutter  cutting  one  cubic  yard  Avas4.53 
days,f  and  the  average  cosl  of  cutting  was  s-jy.ol      $1.02  per  cubic  foot. 

For  the  231  yards  of  springers,  keystones,  &c,  the  average  time  of 
stone-cutter  cutting  one  cubic  yard  was  6.26  days,  and  the  average  cost 
of  cutting  $38.07  =  si. 11  per  cubic  foot. 

For  the  310  yards  of  coping,  the  average  time  of  stone-cutter  cutting 
one  cubic  yard  was  6.88  days,  and  the  average  cost  of  cutting  was  $41.85 
=  $1.55  per  cubic  foot. 

This  cost  of  cutting,  besides  stone-cutter's  a\  a, ucs,  includes  labor  of  mov- 
ing stone,  all  material  used,  such  as  timber  for  rolling  stone,  new  tools, 

*  Referring  to — Retaining  Walls,  an  attempt  to  reconcile  Theory  with  Practice,  C.  Constable, 
Vol.  Ill,  page  67;  Failure  of  the  Dam  on  Mill  River,  J.  B.  Fraucis,  Chairman,  Vol.  Ill,  page 
118,  and  Memoir  of  the  Construction  of  a  Masonry  Dam,  J.  J.  R.  Croes,  Vol.  Ill,  page  337. 

t  Days,  8  hours  each. 
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&c. ;  sharpening  tools,  superintendence,  interest  on  stone-cutter's  sheds, 
blacksmith  shop,  derrick  and  railroad  ;  which  may  be  divided  as  follows: 
superintendence,  5 — sharpening  tools,  15 — labor,  rolling  stone,  30 — in- 
terest on  sheds,  derrick  and  railroad,  1 — new  tools  and  timber  for  rolling 
stone,  1 — total,  52  per  cent. ,  which,  added  to  the  wages  paid  stone-cutters, 
gives  the  cost. 

During  the  last  year,  stone-cutters  were  required  to  do  at  least  12 
superficial  feet  per  day  .of  beds  and  joints  or  its  equivalent  in  pointed 
or  fine  cut  work. 

The  average  day's  work  of  each  stone-cutter,  during  one  year  and  a 
half,  in  which  118  383  superficial  feet  of  beds  and  joints  were  cut,  was 
13.6  square  feet  per  day,  for  which  he  received  $4. 

The  stone  used  was  from  Fox,  Clark's  and  Hurricane  Island  quarries, 
and  in  quality  equalled  the  best  eastern  granite  ;  that  from  Clark's 
Island  being  by  far  the  finest  and  unusually  free  from  iron,  sap  and 
seams. 

The  prices  paid  by  contract  for  the  dimension  stone  ranged  from  39 
to  60  cents  per  cubic  foot — for  coping,  from  71  to  74  cents  per  cubic  foot. 


Number  op 

Superficial  Feet. 

Kinds  of  Woke. 

That  constitute  a  day's 
work  <>f  8  hours,  at 
$1     per     diem      in 
stone  yards  and  con- 
tract work   done   in 
vicinity  of  New  York 
city. 

Required    as  a    mini- 
mum day's  work  by 
the  •■  Department  of 
Docks,"  New  York. 

Averaged  per    day  of 
8    hours   by    stone- 
cutters, in  theDeprt 
meut  of  Docks. 

16. 

7.27 
10. 

6.15 

5. 

12. 
5.45 

7.5 

4.61 

3.75 

13.6 
6.15 

Pointed  work  with  chiseled  margin, 

lines  ail  round. 

S.5 

5. -J" 

Eight"        "                "         

4.24 

The  spawls  made  by  stone-cutters  were  collected  and  made  into  rubble 
blocks  for  backing  of  bulk-head  wall.  These  blocks  were  rectangular 
6X3  feet  and  I  feet  8  inches  high,  weighed  about  6  tons  when  made, 
and  were  lifted  by  chains  passed  through  two  semi-circular  recesses  in 
bottom  bed. 

Each  cubic  yard  of  rubble  required  1.22  bari'els  of  Portland  cement 
(each  averaging  400  pounds),  and  0.34  yards  of  sand. 
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Each  cubic  yard  of  rubble  cost. . .  $5.02  for  cement  and  sand  (cement  $3.95  per  bbl). 

3.87    "    labor  of  masons  and  masons' helpers. 
Total  cost  to  Department  of  Docks, $8. 89 

In  this  estimate  the  cost  of  spawls  is  omitted,  because  they  were  on 
hand.  They  could  be  bought  for  $1  per  yard,  which  would  make  the 
total  cost  of  rubble,  including  everything,  $9.89  per  cubic  yard. 

These  blocks  were  hard  enough  to  lift  at  the  end  of  10  days,  and  some 
were  raised  after  setting  only  7  days. 


ON   CEMENTS   AND    CONCRETE.* 

Mr.  J.  Herbert  Shedd. — One  of  the  most  important  subjects  con- 
sidered in  the  "Memoir  of  the  Construction  of  a  Masonry  Dam"  is  the 
character  of  the  cement.  As  now  supplied  by  the  dealers  to  engineering 
works,  this  material  is  of  very  irregular  quality,  and  unless  some  efficient 
plan  for  testing  each  barrel  offered  is  practiced  by  the  engineer,  much 
that  is  poor  is  likely  to  get  into  the  masonry. 

Having  occasion  to  use  cement  in  considerable  quantity,!  and  finding 
difficulty  in  securing  uniformly  good  work  by  the  unsystematic  method 
of  testing  usually  practiced,  late  in  1872,  I  procured  from  the  various 
Rosendale  manufacturers  fair  samples  of  their  cement,  for  test  and  com- 
parison, in  order  to  determine,  if  practicable,  some  simple  standard  by 
which  all  cement  received  for  our  work  could  be  tried,  and  each  barrel 
accepted  or  rejected  accordingly. 

Cement  from  nearly  all  the  makers  was  tried  under  various  conditions 
of  exposure  and  broken  by  tensile  strain,  usually  after  7  days'  immersion 
in  water.  As  a  result  of  these  experiments,  it  was  determined  to  call 
upon  the  dealers  for  cement  that  would  stand  a  strain  of  30  pounds  per 
square  inch  on  the  day  after  being  moulded.  The  cement  was  mixed 
clear,  with  as  little  water  as  practicable,  and  pressed  into  a  mould  that 
shaped  the  specimen  at  the  ends  for  clasping  in  the  testing  scales,  and 
gave  it  a  section  of  one  square  inch  in  the  middle.  After  an  exposure  of 
half  an  hour  in  the  air,  the  specimens  were  immersed  in  water  for  24 
hours,  then  they  were  broken  in  the  testing  scales  and  their  strength  re- 
corded. The  contractor  furnishing  cement  is  required  to  keep  in  his 
storehouse  a  full  supply,  and  to  give  facilities  for  obtaining  samples.  A 
hole  having  been  bored  through  the  head  or  side  of  the  barrel,  a  sufficient 
quantity  of  the  cement  is  taken  out  with  a  try  tube  and  put  into  a  small 
paper  bag.     This  bag  and  the  barrel  are  numbered  alike,  and  the  number 

*  Referring  to — Fabrication  of  Betou  Blocks  by  Manual  Labor,  S.  Hamilton;  page  93. 
t  In  the  construction  of  sewers  for  the  City  of  Providence. 
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is  carried  through  the  records.  After  testing,  the  accepted  barrels  are 
branded  with  a  burning  iron,  and  the  rejected  barrels  are  left  unmarked. 
When  the  barrels  are  emptied,  the  brand  mark  is  destroyed,— also  the 
brand  is  changed  each  year. 

The  testing  apparatus  consists  of  a  simple  balanced  lever,  supported 
on  knife  edges,  and  multiplying  10  times  ;  at  one  end  of  this  the  speci- 
men is  held  in  clamps  (which  are  free  to  adjust  themselves  to  it,  so  as  to 
induce  no  unfair  strains),  the  weights  are  placed  on  a  small  hanging  plat- 
form at  the  other  end,  and  are  steadily  applied  until  the  specimen  breaks. 

Fig.  8. 
Fig.  6. 


When  an  accurate  result  is  required,  fine  shot  are  slowly  poured  into  a 
cup  on  the  platform,  until  rupture  take  place  ;  the  shot  is  afterwards 
weighed.  This  testing  apparatus  is  shown  in  Fig.  6  ;  views  of  the  mould 
in  which  the  specimen  is  formed  in  Fig.  7,  and  of  the  clamps  with  speci- 
men in  position  in  Fig.  8. 

About  22  500  specimens  have  been  broken  in  our  regular  course  of 
testing,  of  which  perhaps  one-tenth  have  been  rejected.  At  first  it  was 
difficult  to  obtain  a  sufficient  quantity  of  cement,  that  would  stand  a 
strain  of  30  pounds  per  square  irich,  to  keep  the  work  in  progress,  but 
the  makers  in  their  effort  api^arently  to  reduce  the  number  of  rejections 
improved  the  quality,  and  I  gradually  raised  the  requirement,  until  it 
reached  60  pounds,  where  it  has  been  for  more  than  a  year. 

The  following  table  exhibits  the  breaking  weights  of  samples  tested 
in  1873,  1874,  and  to  June  4th,  1875,  (the  three  sections  referring  to  the 
three  periods,  in  order),  in  columns  covering  a  range  of  20  pounds  in 
the  breaking  weight,  showing  the  percentage  of  the  number  to  the 
whole  number ;  the  cements  received  from  different  makers  are  desig- 
nated by  letters. 

I  herewith  present  a  transcript  from  our  record  book,  giving  account 
of  all  the  samples  (306  from  three  makers)  broken  June  4th.  It  must 
not  be  supposed  that  those  whose  cement  shows  poorly  in  one  lot  may 
not  furnish  good  material  in  other  lots. 
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Results  of  Testing  Cement, 
for    sewers,    of   the  city    of    providence. 


Breaking 

Weights — Pounds. 

0  to  20. 

21  to  40. 

41  to  60. 
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Ph 

H 
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193    3.1 

1372 

22. 

3  126 

50.2 

75.3 

1  326  21.2 

195    3.1 

15 

0.2 

24.5 

6  227 

li  (a) 

92 

6.8 

104 

7.7 

612  45.7 

60.2 

445  33.2 

79    5.9 

6 

0.4 

39.5 

1  338 

C 

42 

3.1 

189 

14.2 

616  46.5 

63.8 

385  29.1 

78    5.9 

12 

0.9 

35.9 

1  322 

1) 

1 

4.4 

2    8  8 

8  34.8 

48. 

10  43.5 

2 

8.8 

52.3 

23 

— 

Totals 

328 

3.7 

1667 

18.7 

4  362  49. 

71.4 

2  166  24.3 

354 

4. 

33    0.3 

28.6 

8  910 

A  (b) 

295 

5. 

280 

4.8 

■l  292  39.2 

49. 

2  406  41.2 

559    9.6 

.lo,1 

51. 

5  841 

B(c) 
C 

24 
136 

5.8 
4.8 

9    2.1 
65    2.3 

163  89.2 
764  27. 

47.1 
34.1 

190  45.7 
1  356  48. 

30    7.2 
467  16.5 

1 

52.9 
65.8 

416 

38    1.3 

2  826 

I) 

39 
5 
1 

30.2 
5.6 
0.2 

IB  11.7 
6    6.7 
1    0.2 

43  33.3 
28  31.5 
150  30. 

75.2 
43.8 
30.4 

28  21.7 

38  42.7 

284  56.8 

4    3.1 
12  13.5 
61  12.8 

24.8 
56.2 
69.6 

129 

E 

89 

F 

500 

Totals 

500    5.1 

376 

3.8 

1 
3  440  35.1 

44. 

4  302  43.9  1136  11.6 

47 

0.5 

56. 

9  801 

A  (d) 

47    2.7 

99 

5.8 

395  23.2 

31.7 

672 

39.5 

412  24.2 

68 

4. 

7 

0.4 

69.1 

1  700 

C 
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10.4 
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3.2 

77    7.4 

21. 

493 

47.9 

206 

25.8 

52 

5. 

78.7 

1028 

E  (e) 

209 

3fi  fi 

75 

13 

154  26.8 

76.3 

11019.1 

25 

4  3 

23.4 

573 

F 

29 

10.2 

11 

3.9 

28 

9.8 

23.9 

166 

58.5      48 

16.9 

2 

0.7 

76.1 

284 

Totals 

392 

10.9 

218 

6.1 

654 

18.2 

35.2 

1441 

10.2    75121. 

122 

3.4 

7 

0.2 

64.8 

3  585 

Notes:  (a)  192  of  these  specimens  stood  in  air  1  hour,  and  803  in  air  2  hours.  (6)  A  cargo 
of  about  1  500  barrels  was  rejected,  84  of  which  are  included  in  the  table,  (c)  68  of  these 
specimens  stood  in  air  1  hour,  and  28  in  air  2  hours,  {d)  A  cargo  of  about  1  400  barrels  was 
rejected,  215  of  which  are  included  in  the  table,  (c)  A  cargo  of  about  1  400  barrels  were 
rejected,  200  of  which  are  included  in  the  table;  nearly  all  of  these  fell  down  in  water. 

A  number  of  specimens  were  left  immersed  in  water  and  broken  after 
the  first  50  days,  at  intervals  of  about  a  month.  During  these  50  days  the 
strength  increases  rapidly,  and  the  increase  is  marked  during  the  next 
100  days,  after  which  it  is  moderate.  The  oldest  specimens,  so  far,  were 
broken  410  days  after  mixing,  and  stood  about  235  pounds  per  square 
inch.     A  diagram  of  these  tests  is  presented.     (Fig.  9.) 
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Fig,  9. 


Some  experiments  were  made*  as  to  the  relative  strength  of  pure 
cement  and  cement  mixed  with  sand  of  different  degrees  of  fineness  and 
in  different  proportion,  the  samples  being  broken  from  a  few  hours  to 
20  days  after  mixing.     A  diagram  of  the  results  is  presented.     (Fig.  10.) 

Fig.  10. 


Days, 


Notes.— (a.)  Pure  cement.  (6.)  Medium  sand,  1  to  1.  (c.)  Medium  sand,  1}£  to  1.  (d.) 
Medium  sand,  2  to  1.     (e.)  Fine  sand,    1  to  1.     (/.)  Fine  sand,  1%  to  1.     (g.)  Fine   sand,  2  to  1. 

*  Tlie  experiments  referred  to  on  this  and  the  next  page  were  made  and  the  machine  for 
crushing,  chiefly  designed,  by  Mr.  H.  A.  Carson,  Assistant  Engineer. 
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An  apparatus  for  crushing  cylinders  of  cement  of  one  square  inch  area 
and  one  inch  length  was  constructed,  see  Fig.  11.  With  this,  specimens 
made     of    pure  Fig.   H. 

oement  and  ce- 
ment mixed  with 
various  propor- 
tions    of     sand 
were  crushed  from  5 
to  37  days  after  mix- 
ing.     The    diagram 
(Fig.   12)    shows  the 
results.    The  highest 

strength    reached  was   1  500   pounds    in  pure  cement,    32 
days  after  mixing. 

Our  experience  of  3  years  in  testing  every  barrel  of  cement  used  has 

■demonstrated  the  necessity  of  this  precaution  against  poor  material,  and 

Fig.  12. 

10  £  2  ?>     Days-      £  ~  « 

1500 


10  S  2  §       Days.      ci  S  cj 

Notes.  — (A.)  Pure  cement.  (t\)  Medium  sand,  1  tol.  (j.)  Medium  sand,  1J  to  1.  (fc.)  Medium 
eand,  2  to  1. 
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I  should  not  feel  warranted  in  conducting  any  important  work  without 
it.  When  we  are  fully  prepared  for  testing,  we  have  no  particular  diffi- 
culty as  to  the  quality  of  material,  and  it  is  of  such  a  character  generally, 
as  it  ought  to  be.  It  costs  about  one  cent  per  barrel,  accepted,  to  test 
cement  in  this  way,  although  sometimes,  on  account  of  very  large  rejec- 
tions, the  cost  has  risen,  even  in  considerable  amounts,  3  cents  a  barrel. 

Since  coming  here  my  attention  has  been  called  to  samples  of  Port- 
land cement,  of  American  manufacture,  which,  in  appearance,  compare 
favorably  with  that  brought  from  England.  The  following  memo- 
randum, and  referring  to  specimens  exhibited,  may  be  of  interest. 

No.  1  is  Portland  English,  and  No.  2  is  of  American  manufacture;  both 
are  7  months  old  ;  they  were  set  6  days  in  water,  and  submitted  to  tensile 
strain  7  days  after  being  moulded.  No.  1  gave  way  at  460  pounds  and 
No.  2  at  475  pounds  per  section  \\  inches  square.*  The  large  pieces 
of  each  were  then  exposed  to  frosts  during  the  whole  of  last  winter,  and 
frequently  immersed  in  boding  water.     The  smaller  ends  were  kept  dry. 

Eight  H  inch  cubes  of  cement  No.  2,  each  containing  different  per- 
centage of  lime  were  submitted  to  hydraulic  pressure  and  were  crushed 
under  various  weights,  from  2  175  to  3  425  pounds  per  square  inch,  the 
Portland,  pre2)ared  in  same  way,  sustaining  but  2  310  pounds  in  same 
machine.  Only  one  of  the  American  samples  sustained  less  pressure 
than  this.  A  block  of  cement  No.  2  brought  to  white  heat  and  plunged 
into  cold  water,  showed  no  evidence  of  fracture  or  change  of  texture. 

No.  3  is  sample  of  Portland,  and  No.  4  of  cement  No.  2,  each  mixed 
with  \  sand,  both  set  6  days  in  water  ;  they  are  now  7  months  old. 
Blocks  No.  5  are  of  American  cement,  7  days  old,  and  set  6  days  in 
water. 

The  cement  works  cool  and  set  slowly,  behaving  like  English  Port- 
land cement. 


FERES   IN   COAL   MINES. f 

Mr.  Martin  Coryell. — I  will  continue  up  to  date,  the  account  of  the 
conflagration  in  the  coal  at  Kidder  Slope,  presented  at  the  Annual  Con- 
vention, 1874. 

*  The  machine  used  was  imperfect,  and  probably  with  direct  strain  the  specimens  would 
have  stood  much  more. 

t  Referring  to— Conflagration  in  the  Coal  at  Kidder  Slope,  M.  Coryell,  Vol.  Ill,  page  147. 
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The  9-incli  "  bore  hole"  then  being  put  down*  was  successfully  com- 
pleted, the  6-inch  steam  pipes  inserted,  the  battery  of  12  boilers,  30  feet 
long  3  feet  in  diameter,  put  into  operation,  and  steam  from  the  48  boilers 
then  in  use  was  continuously  forced  into  the  mines,  as  planned,  until 
January  1st,  1875,  and  with  results  as  detailed  in  my  former  statement. 

About  January  10th  entrances  were  made  through  the  barricade  at 
several  points,  and  the  condition  of  the  enclosed  area  examined.  "  Black 
damp,"  or  "  choke  damp"  (supposed  to  be  carbonic  acid  gas)  was  every- 
where met,  and  the  temperature  was  about  100°  F.,  whence  it  was  im- 
practicable to  explore  to  any  considerable  extent,  but  no  fire  or  light  was 
discemable,  and  the  conclusion  was,  that  the  fire  was  effectually  ex- 
tinguished throughout  the  entire  area. 

The  openings  were  then  carefully  closed,  and  it  was  intended  to  put 
up  one  or  more  large  suction  fans,  to  slowly  replace  the  carbonic  acid  gas 
with  pure  air,  and,  with  great  caution,  so  as  eventually  to  render  the 
enclosed  area  safe  for  inspection  and  practical  use  ;  but  the  "  strike,"  or 
cessation  and  prevention  of  work  by  the  miners  since  December  10th  last 
at  that  mine,  and  throughout  the  coal  region  since  January  1st,  kept  the 
company  from  doing  anything  further  than  here  reported. 

I  had  hoped  to  present  at  this  time  some  ocular  representation  of 
the  effect  upon  the  rocks,  slates,  and  coal,  and  perhaps  gases,  of  the 
intense  heat  generated  under  peculiar  conditions  in  the  mine  while  the 
steam  was  introduced  ;  and  to  discuss  the  availability  of  the  different 
kinds  of  brattices  used  in  this  dangerous  and  perplexing  struggle  against 
an  element  that  must  be  held  under  complete  subjection  in  all  mining 
enterprises  ;  but  such  is  not  now  possible. 

Three  essential  principles  or  methods  were  in  this  case  combined, 
with  success,  to  extinguish  a  conflagration  that  at  one  time  seemed 
beyond  control.  Application  of  water  to  the  fire,  and  cutting  off  the  air 
or  draft  to  smother  the  flames  failed,  when  tried  singly,  but  the  two 
combined  with  steam  under  pressure  accomplished  the  object.  Of  these 
undoubtedly  the  steam  ranks  first,  but  the  others  performed  an  impor- 
tant part,  which  our  want  of  detailed  knowledge,  chemical  and  mechan- 
ical, prevents  us  from  fully  appreciating.  I  regret  that  details  of  cost — 
really  one  of  the  essentials  in  making  a  paper  to  this  Society  valuable — 
cannot  be  given  ;  but  this  conflagration,  like  all  others,  unforeseen  and 
unlooked  for,  had  to  be  met  and  overcome  as  best  it  could. 

*  By  the  "  Pennsylvania  Diamond  Drill  Co."  of  Pottsville,  Pa. 
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The  fire  at  tlie  Baltimore  mines  originated  a  little  before  that  in  the 
Kidder  Slope,  but  did  not  at  first  attract  attention.  The  origin  was 
in  this  wise  :  boilers,  and  an  engine  for  hoisting  coal  from  an  inside  slope 
were  located  some  60  feet  below  the  surface,  with  chimney  or  ventilating 
flue  cut  upward  through  the  rock  ;  there  was  also  a  tunnel  some  600  feet 
long,  by  which  the  coal  was  sent  to  the  breaker.  Much  timber  and  plank 
were  used  in  constructing  the  engine  and  boiler-room,  which  was  heated 
by  a  large  cylinder  stove  ;  during  the  holidays,  when  woi'k  had  stopped, 
and  no  watchman  was  on  duty,  a  portion  of  the  roof  rock  fell  upon  the 
stove  and  crushed  it  down,  the  live  coals  set  the  wood  on  fire,  also  the 
props  supporting  the  rock  over  the  boilers  and  engine,  whence  it  fell, 
destroying  them  ;  the  coal  then  took  fire,  driving  an  intense  heat  out 
through  the  ventilating  shaft  or  chimney. 

For  some  weeks  the  fire,  in  a  measure,  was  left  alone,  and  until  the 
heat  and  sulphur  fumes  reached  the  working  portion  of  the  mine;  then 
the  danger  was  realized  and  steps  taken  to  avert  further  damage.  As  the 
fire  progressed  the  pillars  of  coal  left  standing  to  support  the  roof  were 
weakened  and  consumed,  and  the  surface  irregularly  settled  down  from 
10  to  20  feet,  breaking  off  the  rock  and  causing  large  fissures  through 
which  smoke  and  gas  escaped,  destroying  adjacent  vegetation,  and 
becoming  offensive  to  those  residing  near  or  working  about  the  mines. 

At  first,  water  contiguous  to  a  part  of  the  fire  was  quite  abundant; 
iron  gas-pipes,  from  1  to  3  inches  diameter,  were  laid  from  reservoirs  and 
carried  into  the  mine  ;  steam  force-pumps  were  used  to  quench  the  fire  in 
localities  more  remote  from  the  water  supply,  but  all  without  progress. 
Preparation  was  then  made  to  wall  off  the  old  workings  on  fire  by  laying 
a  railway  from  the  gravel  and  sand  banks  through  the  old  gangways, 
and  carrying  in  earth  to  pack  between  the  brattice  walls  of  wood  or  stone, 
and  thus  to  construct  an  air  and  water-tight  barricade;  but  there  were  so 
many  fissures  in  the  coal  and  adjoining  slates  that  water  could  not  be 
retained  under  the  consequent  head.  Efforts  were  then  made  to  cut 
off  the  supply  of  air  by  closing  all  the  openings  ;  and  those  beautiful 
geological  exposures  of  the  Baltimore  seam  of  coal  with  stigmaria  from 
its  bottom  bed  of  fire-clay,  covered  by  20  feet  of  coal  with  seams  of 
slate,  and  14  feet  of  slates,  and  over  that  by  12  feet  of  coarse  sand-rock 
and  the  forest  trees,  so  beautifully  and  accurately  pictured  by  Rogers  in 
Geology  of  Pennsylvania,  were  all  destroyed  in  this  attempt  to  close  up 
the  mine. 
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About  20  acres  of  the  old  and  abandoned  workings  of  the  Baltimore 
mine  are  affected  by  this  fire.  An  immense  deal  of  labor  and  money  has 
been  expended  on  this  burning  portion  of  the  mine,  and  yet  the  fire 
rages  and  probably  will  until  all  the  coal  and  coal  slates  are  destroyed, 
which  will  not  be  in  many  years. 

Other  mines  have  been  on  fire  and  are  yet  burning  to  such  an  extent  as 
to  damage  the  prospective  value  of  adjoining  property.  Carbonic  acid  gas 
was  generated  in  large  quantities  at  a  burning  mine  of  the  Little  Schuyl- 
kill Navigation  Co. ,  and  forced  into  the  fire,  but  without  practical  effect. 
Linderman  &  Co. 's  mine,  in  the  Hazleton  basin,  took  fire  through  the 
neglect  or  unwillingness  of  the  miners  to  do  their  duty,  under  intim- 
idation, or  a  secret  favoring  of  the  "  strike,"  and  help  could  not  be 
obtained  to  put  it  out.  These  destructive  fires  in  coal  mines  seem  to 
indicate  the  need  of  an  effective  fire  system,  whereby  water  in  sufficient 
quantities  may  be  applied  instantly  at  any  point  and  so  long  as  needed. 


Ekkata  :  On  page  188,  first  hue  above  foot-note,  omit  the  semicolon  ; 
on  page  193,  last  line,  for  v  read  v* ;  on  page  197,  in  line  below  the  for- 
mula, insert  "2  "  after  "  L.5,"  and  on  page  198,  in  the  formula,  for  final 
"  r,"  read  "  ?-," 

On  page  271,  fifteenth  line  from  the  top,  for  "  when,"  read  "until."" 
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The  subject  of  the  radical  improvement  of  the  month  of  the  Missis- 
sippi has  engaged  the  attention  of  the  government  for  half  a  century  or 
more,  and  some  of  the  ablest  United  States  topographical  engineers  have 
studied  the  causes  which  appear  to  have  induced  and  maintained  the 
extensive  bars  that  for  ages  ha*ve  existed  at  all  of  the  mouths  of  this 
great  river. 

Various  attempts  have  been  made,  under  the  auspices  of  the  government, 
to  deepen  the  channels  for  navigation  by  means  of  dredging  or  scraping 
the  sand  and  mud  of  which  the  bars  are  composed,  with  only  partial  suc- 
cess ;  quite  a  number  of  years  ago.  a  contract  was  entered  into  with  certain 
parties  who  undertook  to  increase  the  channel  depth  to  20  feet  (afterward 
reduced  to  18  feet),  by  means  of  Hues  of  sheet  piling  intended  to  confine 
the  outflow,  and  by  thus  concentrating  the  current,  cause  it  to  cut  a 
deeper  channel.  This  was  partially  executed,  under  the  direction  of 
Col.  S.  H.  Long,  U.  S.  A.,  one  of  the  more  experienced  engineers  then 
in  the  service.  The  contractors,  by  means  of  a  line  of  sheeted  piling, 
aided  by  a  certain  amount  of  scraping,  did  actually  secure  for  a  time,  a 
channel  depth  of  18  feet,  and  were  paid  for  it,  according  to  the  terms  of 
the  contract ;  but  they  were  not  able  to  carry  out  the  second  clause  of 
their  agreement,  which  required  them  to  maintain  said  depth  for  a  fixed 
sum  per  annum  ;  and  the  trifling  amount  of  work  they  had  performed 
was  soon  suffered  to  take  cave  of  itself. 
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At  the  time  it  was  contemplated  that  the  contractors  would  build  two 
lines  of  piling  ;  whereas  they  drove  but  one,  and  that  upon  a  distance  of 
only  about  one  mile.  This  was  upon  the  bar  of  the  Southwest  Pass, 
which  is  about  6  miles  across  from  the  deep  water  on  the  river  side  to 
deep  water  on  the  gulf  side. 

I  refer  to  this  puny  and  entirely  inadequate  effort  to  regulate  the 
ship  channel  at  the  Southwest  Pass,  chiefly  to  say.  that  in  my  opinion 
the  plan  of  the  contractors  at  that  time,  and  the  amount  of  work  done  by 
them,  bore  but  an  insignificant  proportion  to  a  proper  plan  and  to  the 
real  work  necessary  to  secure  a  permanent  deep  navigation  across  that 
bar.  Col.  Long,  not  Long  afterward,  in  his  report  to  the  Chief  of  Engi- 
gineers,  expressed  the  opinion,  thai  any  system  of  scraping,  such  as  had 
been  tried,  could  not  secure  and  maintain  more  than  about  18  feet  depth 
of  channel. 

At  a  later  date,  the  government  built  powerful  steam  scrapers,  and 
attempted  to  deepen  the  Pass  a"  Loutre  ;  at  an  expense  of  $250,000  per 
year,  a  depth  of  L8  feet,  occasionally  a  Little  more,  and  sometimes  a  little 
less,  was  all  that  could  be  maintained ;  the  scraping  had  to  be  done  every 
year,  and  during  the  year,  at  such  times  as  the  weather  would  permit. 

According  to  charts  extending  back  more  than  a  hundred  years,  the 
normal  depths  on  the  bars  created  by  the  natural  causes  in  operation, 
appear  to  have  been  generally  from  12  to  14  feet  ;  although  the  depth  of 
the  liver  inside  of  the  bars  in  the  principal  channels  is  shown  on  old 
charts  to  have  been  100  feet  and  more.  As  Late  as  ls:;s.  according  to  the 
surveys  of  Col.  Talcott,  the  main  channels  of  the  river  above  the  bars 
carried  a  depth  of  10  Eeei  and  m  ire  all  the  way  from  the  bars  into  the 
main  river  at  the  head  of  the  pisses.  Above  that,  the  river  was  upwards 
of  100  feet  deep,  as  it  is  to  day. 

The  genera]  causes  of  the  formation  of  the  delta  of  the  Mississippi 
are  so  well  understood,  that  engineers  usually  accept  them;  namely,  the 
sediment  carried  down  by  the  water  of  the  river,  meeting  the  level  of  the 
Gulf,  and  being  precipitated,  thus  gradually  and  constantly  forming  and 
extending  the  land  outward.  At  the  same  time,  there  have  been  and 
are  still,  different  opinions  respecting  the  precise  modus  operandi. 

I  defer  for  the  present  entering  into  discussion  as  to  the  exact 
manner  in  which  the  sand  and  mud  are  dropped,  and  will  consider  the 
main  fact,  that  for  ages  the  river  has  been  bringing  down  sediment  and 
dropping  it  in  the  gulf  at  the  mouths  of  the  several  passes  ;  and  the 
other  fact,  that  at  each  outlet  there  has  been,  and  is  now,  an  extensive 
bar,  and  thai:  all  of  these  bars  have  been  and  are  steadily  moving  gulfward. 
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Another  characteristic,  and  perhaps  the  most  important,  is  that  the 
■deep  water  of  the  river  follows  the  progression  of  the  bar,  cutting  it 
away  gradually,  as  the  river  itself  forms  its  own  hanks,  and  then  limits 
the  width  of  its  channel  in  each  pass,  according  to  its  volume  of  discharge. 

The  bars  have  moved  out  seaward  at  the  rate  of  from  100  to  something 
over  300  feet  per  year  at  the  different  passes,  the  river  banks  formed  by 
the  deposits  from  the  overflow  of  the  floods  moving  out  at  precisely  the 
same  rate.  Thus  the  sediment  of  the  river  is  continually  forming  the 
bar,  while  the  flow  of  the  river  is  continually,  although  \ery  slowly,  cut- 
ting a  channel  through  the  very  bar  it  has  thus  formed.  At  the  rate  of  300 
feet  per  year,  it  would  require  17.5  years  to  push  the  bar  out,  and  carry 
the  deep  water  of  the  river  outward  one  mile.  At  the  South  Pass,  for 
some  years,  the  movement  has  been  only  about  100  feet  per  year,  or  at 
the  rate  of  a  mile  in  52.8  years. 

This  fact,  that  the  river,  notwithstanding  it  creates  the  bar,  car- 
ries deep  water  immediately  after  but  keeping  behind  it,  is  really  the 
foundation  or  pivotal  fact  upon  which  the  success  of  the  jetty  or  pier 
system  of  improvement  depends.  It  was  observed  many  years  ago,  in 
Europe,  at  the  mouths  of  delta  rivers,  and  was  doubtless  the  prime 
motive  for  attempting  the  artificial  deepening  of  the  channels  across  the 
bars  ;  for  if  it  had  been  otherwise,  if  instead  of  deep  water  following  the 
gradual  extension  of  the  bar  seaward  it  had  remained  shallow  behind,  as 
when  first  deposited,  the  jetty  system  might  never  have  been  attempted  ; 
canals  and  locks  might  have  been  preferable. 

If  such  had  been  the  course  of  things  in  the  case  of  the  Mississippi, 
then  instead  of  a  river  100  feet  deep,  as  we  now  have  for  more  than  a 
hunched  miles  above  the  passes,  we  should  have  a  hundred  miles  or  more 
of  shallows  ;  and  with  such  a  river  nothing  but  a  canal  to  the  ocean  or 
the  gulf  would  remedy  the  difficulty.  The  Mississippi  becomes  deeper 
as  we  descend  till  we  approach  the  head  of  the  passes. 

The  South  Pass,  which  Capt.  Eads  (Member  of  the  Society),  has 
undertaken  to  improve,  is  the  smallest  of  the  main  passes,  and  its  bar 
is  only  about  '2h  miles  across  ;  but  the  natural  depth  of  water  ujion  it  is 
very  much  less  than  on  the  larger  bars,  being  only  about  8  feet,  while 
the  channel  in  the  river  behind  is  full  30  feet  deep. 

The  jetty  system  is  simply  a  modification  of  the  system  of  nature  ; 
but  that  which  nature  might  do  in  fifty  or  a  hunched  years,  it  is  proposed 
by  this  to  do  in  two  or  three  years.  This  system  is  nothing  more  than 
the  artificial  construction  of  banks  for  the  river,  to  confine  it  at  once 
and  prevent  it  from  spreading  laterally,  as  it  does  now— by  carrying  these 
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artificial  banks  forward  entirely  across  the  bar  to  the  deep  water  of  the  gulf- 
When  this  shall  be  accomplished,  the  river  being  concentrated  in  one- 
narrow  channel  of  about  1  000  feet,  instead  of  spreading  out  as  now  on 
a  width  of  over  10  000  feet,  will  cut  its  way  through  the  bar,  and  deepen 
the  channel  entirely  across  it  to  the  deep  water  of  the  gulf. 

There  are  differences  of  opinion  as  to  the  time  when  this  river  cutting 
will  give  a  depth  of  30  feet  through  the  bar  :  some  engineers  believe  that 
it  will  take  place  completely  pari  passu  with  the  extension  of  the  jetties  ; 
others  think  a  little  time  may  ellipse,  or  that  even  some  scraping  or 
stirring  may  possibly  be  needed  to  assist  the  action  of  the  current.  Be 
this  particular  point  as  it  may,  experience  in  a  number  of  cases  in 
Europe,  and  notably  at  the  Sulina  month  of  the  Danube,  affords  the 
strongest  ground  of  hope  tor  perfect  success  at  the  South  Pass,  within  a. 
reasonable  time. 

It  is  true  that  the  Mississippi  river  will  still  How.  and  still  carry  sedi- 
ment with  it.  as  of  old.  and  that  this  sediment  must  be  deposited  in  the 
Gulf  of  Mexico  beyond  the  jetties;  hut  the  circumstances  will  have 
In  en  essentially  changed.  With  their  completion  confining  the  water  to 
a  width  of  I  ihiii  feet,  the  expectation  is  that  between  the  jetties  there 
will  he  a  channel  30  feet  deep  and  several  hundred  Eeet  wide  all  the  way 
to  the  ends  of  tin'  jetties,  in  :)U  feet  depth  of  water  on  the  gulf  side. 
Out  to  that  point  the  river  will  flow  at  the  rate  of  several  miles  an  hour 
(varying  with  the  stage  of  water  in  the  Mississippi  and  by  tidal  action, 
from  2  to  f  or  more  miles  an  hour),  in  the  nature  of  the  case,  it  cannot 
lose  its  velocity  at  the  v.T,\  instant  of  passing  the  end  of  the  jetties,  but 
only  gradually,  afterward  farther  out  in  the  gulf,  and  milch  of  the  sedi- 
ment will    he    earned   directly  OUt    a    considerable   distance    seaward,  and 

laterally  by  the  prevailing  current  from  the  east,  or  the  less  frequent 
current  from  the  west.  Freshwater,  being  lighter  than  sea  water  even 
including  the  sediment  held  in  suspension  in  the  river  water,  will  only 
very  gradually  drop  a  large  portion  of  its  suspended  load.  It  should  be 
borne  in  mind  that  the  l»ir  which  now  exists  -and  up  the  inclined  plane 
of  which  (from  30  to  S  feet  depth),  or  a  rise  of  22  feet  on  a  steep 
slope,  the  heavy  sediment  now  has  to  ascend — will  not  be  there,  so  that 
even  the  very  heaviest  particles  will  then  have  a  level  passage  out  to  the 
end  of  the  jetties,  and  beyond  that  a  descending  sea  bottom  to  fall  upon. 
The  outer  slope  of  the  gulf  bottom  at  the  South  Pass  falls  off  at  the 
rate  of  very  nearly  100  feet  to  the  mile.  Hence,  it  is  reasonable  to  be- 
lieve,  that  a   considerable  time  must  elapse  before  a  considerable  bar,. 
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sucli  as  would  interfere  with  the  entrance  of  vessels  between  the  piers, 
can  be  formed  in  the  deep  water  of  the  gulf  outside. 

In  the  case  of  the  Suliua  mouth  of  the  Danube,  where  there  was 
originally  a  depth  of  less  than  10  feet,  the  jetties  caused  a  depth  of  21 
feet.  This  was  more  than  ten  years  ago,  and  that  depth  has  ever  since 
been  maintained  without  dredging.  Yet  in  the  case  of  the  Danube,  the 
bed  of  the  sea  in  front  has  very  much  less  depth  than  the  bed  of  the  sea 
in  front  of  the  South  Pass  of  the  Mississippi.  The  slope  in  front  of  the 
Suliua  mouth  of  the  Danube  is  at  the  rate  of  1  in  264,  while  in  front  of 
the  South  Pass  of  the  Mississippi  it  is  1  in  66,  or  just  four  times  as  sleep. 
The  Danube  is  the  largest  river  of  Europe,  and  drains  300,000  square 
miles,  an  area  nearly  one-fourth  that  of  the  Mississippi  drainage. 

The  South  Pass  of  the  Mississippi,  the  smallest  of  the  passes,  bears 
nearly  the  same  relation  to  the  volume  of  the  Mississippi  that  the  Suliua 
branch  does  to  that  of  the  Danube.  The  Suliua  navigable  ship  channel 
has  an  average  width  of  450  feet,  while  the  South  Pass  has  one  of  600 
feet  and  a  depth  in  the  channel  of  30  feet,  between  the  inner  slope  of 
the  bar  and  the  head  of  the  Pass,  a  distance  of  about  10  miles.  The 
South  Pass  is  only  relatively  small,  that  is  when  it  is  compared  with  the 
whole  river  ;  but  a  stream  600  feet  wide  with  30  feet  channel  depth, 
flowing  at  the  rate  of  from  2  to  1  miles  an  hour,  according  to  the  stage 
of  the  river,  is  of  itself  a  noble  highway,  constituting,  as  it  will,  a  mag- 
nificent navigation,  wide  enough  and  deep  enough  to  float  the  Great 
Eastern  with  her  fullest  load. 

There  is  one  notable  fact  mentioned  by  Sir  Charles  A.  Hartley,  the 
engineer  of  the  Danube  improvement,  when  describing  the  outlets  of 
the  Danube  and  the  effect  of  the  jetties  which  he  constructed  at  the 
mouth  of  the  Suliua  branch.  He  says  :  "  The  width  of  the  middle 
and  upper  parts  of  the  Suliua  branch,  where  they  have  been  artifici- 
ally trained,  is  now  only  450  feet  ;  and  yet  the  available  depth  at 
these  improved  portions  of  the  river  is  considerably  less  than  be- 
tween the  jetties  at  Suliua,  where  the  width  is  600  feet."  I  may 
here  add,  that  during  my  visit  to  the  Sulina  works,  a  year  ago,  the 
channel  depth  in  the  river,  some  miles  up,  was  IS  feet  or  less,  whUe  be- 
tween the  jetties,  ami  entirely  through  the  old  bar,  to  the  sea,  it  was  21 
ifeet ;  and  had  been  of  that  depth  for  ten  years,  as  stated. 

There  is  a  decided  littoral  current  at  the  mouth  of  the  Suliua  branch, 
caused  by  the  prevailing  wind  from  the  north.  The  particular  direction 
of  this  wind  action  upon  the  north  pier  or  jetty  caused  a  cutting  along  this 
pier  shore  ward,  so  that  to  prevent  a  break  of  the  sea  into  the  river  the 
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pier  had  to  be  extended  back  and  protected,  landward.  The  sands  do  not 
accumvdate  on  the  north  of  the  improvement,  they  rather  cut  away,  while 
the  accumulation  takes  place  along  shore,  south  of  the  south  pier  ;  but 
on  the  whole,  the  works  have  been  maintained  in  their  integrity,  and  at 
very  moderate  cost.  A  somewhat  similar  action  was  noticed  at  the  arti- 
ficial harbor  of  Port  Said,  on  the  coast  of  the  Mediterranean,  at  the 
north  end  of  the  Suez  canal.  There  the  prevailing  wind  on  the  coast  is 
toward  the  east,  vv  Idle  the  canal  runs  north  and  soul  h.  and  the  pier  on  the 
west  side  of  tlie  artificially  excavated  harbor,  stands  out  nearly  north. 
This  pier  is  composed  .of  large  blocks  of  concrete,  thrown  in  promiscu- 
ously. It  lias  stood  well  :  but  the  sands  sweeping  along  the  coast  by  the 
current  and  wind,  pass  through  the  pier  and  into  the  harbor,  whence 
they  are  dredged ;  thus  the  full  depth  of  26  feet  is  maintained.  It  is 
yet  a  question  with  the  engineers  in  charge,  whether  they  will  seek 
to  render  the  pier  impervious  to  the  sand,  or  continue  the  dredging. 
There  is  an  apprehension  that,  if  entirely  stopped  by  the  pier,  the  sand 
will  pass  out  to  the  end  of  it  and  form  a  bar.  thus  obstructing  the  en- 
trance ;  but  there  can  be  no  question  that  M.  Lessep  and  his  engineer* 
have  successfully  solved  the    problem  of  constructing  an  artificial  harbor 

26  feet  deep,  on  a  coast  where  there  was  not  a  semblance  of  one  in 
nature. 

The  canal.  100  miles  Long,  has  the  full  depth  of  26  feet,  and  the  Suez 
harbor  at  the  Red  Sea  end.  formerly  much  shallower,  has  been  perma- 
nently excavated  to  the  same  depth.  The  whole  work  is  one  of  the 
grandest  triumphs  of  modern  engineering.  , 

At  the  request  of  the  Khedive  of  Egypt,  the  commission  of  bs74  visited 
theDamietta  branch  of  the  Nile,  for  the  purpose  of  divine-  a  general  opinion 
on  tin'  subject  of  the  proper  method  of  improving  it.  At  present  there  is- 
no  navigable  channel  for  sea-going  vessels  bet  ween  the  Mediterranean  and 
the  river,  and  for  more  than  half  the  year  the  river  discharges  no  fresh  water 
into  the  sea  :  the  sea  then  backs  up  to  and  above  the  city  of  Damietta,  a 
distance  of  about  14  miles  and  more  ;  and  at  no  time,  even  during  the 
period  of  the  highest  flood,  is  there  more  than  7  feet  depth  overthewide 
bar,  in  a  tortuous,  constantly  fluctuating  channel,  which,  when  the  Mow 
of  the  river  ceases,  is  soon  entirely  obliterated  by  the  waves  of  the  sea. 
Here  if  jetties  or  piers  should  be  constructed,  they  would  be  useless  ;  the 
entire  open  spac  ■  b  stween  them  would  be  tilled  with  the  sea-shore  sands; 
excepting,  possibly,  during  a  brief  p  sriod  of  the  annual  flood,  when  the 
for^e  of  the  stream  might  sweep  out  a  channel  for  the  time  being,  to  be 
filled  up  again  imm  sdiately  by  the  sea  action.     At  the  Damietta  mouth 
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of  the  Nile  is  a  place  for  a  canal  ;  provided  the  commerce  of  the  river 
should  be  of  sufficient  magnitude  and  value  to  compensate  for  the  neces- 
sary expenditure  :  which  is,  to  say  the  least,  doubtful. 

How  different  is  the  case  of  the  Mississippi.  The  powerful  natural 
flow  of  the  Mississippi,  even  at  its  lowest  stage,  is  the  real  guarantee 
that  when  a  wide,  deep  channel  is  once  cut  through  the  bar,  and 
guarded  right  and  left  from  the  sea  action,  by  the.  jetties  or  piers  extend- 
ing to  the  deep  water  of  the  gulf,  its  depth  will  be  maintained  afterward 
at  a  comparatively  trifling  expense. 

In  an  informal,  rapid  survey,  like  this,  of  such  an  important  question 
as  the  radical  change  of  the  mouth  of  a  great  river  as  the  Mississippi — 
(the  most  important  river,  considered  commercially,  on  the  globe  ;  and, 
with  the  single  exception  of  the  Amazon,  the  greatest  river  in  the  extent 
of  its  drainage  and  the  volume  of  its  annual  discharge) — it  cannot  be 
expected  that  all  of  the  features,  engineering  and  others,  which  belong 
to  it,  could  be  presented. 

The  Commission  of  Engineers  appointed  by  the  President  of  the 
United  States  in  1874,  of  which  I  had  the  honor  to  be  one,  gave  to  this 
question  the  closest  study,  after  having  seen  and  examined  the  great 
canals  and  jetties  in  Europe  which  had  been  successfully  constructed, 
before  making  up  their  decision  in  favor  of  the  jetty  system  for  the 
mouth  of  the  Mississippi.  They  did  not  overlook  any  of  the  obstacles, 
which  some  engineers  of  good  judgment  and  experience  had  consid- 
ered to  be  almost  insurmountable,  but  carefully  investigated  them,  and 
came  to  the  conclusion  that  their  magnitude  had  been  greatly  overrated, 
while  the  natural  advantages  in  favor  of  the  jetty  system  for  the  mouth 
of  the  Mississippi  had  not  been  thoroughly  stated,  or  perhaps  fully 
understood. 

The  greatest  obstacles  were;  first,  the  alleged  softness  of  the  ma- 
terial of  the  bar,  which,  as  claimed,  would  absolutely  prevent  the  main- 
tenance of  any  heavy  structure  built  upon  it  ;  second,  the  sudden  and 
irregular  elevation  of  what  are  termed  "  mud-lumps,"  whereby  the  in- 
tegrity of  the  works  might  lie  destroyed  :  and.  third,  that  the  quantity 
of  sediment  brought  down  by  the  river  is  so  great,  that  the  bar  would 
re-form  and  maintain  itself  in  such  a  persistent  and  rapid  manner,  as 
to  require  from  the  start — admitting  that  jetties  could  be  constructed — ■ 
their  annual  extension  several  hundred  feet  into  the  sea.  at  enormous 
yearly  expense. 

Our  investigations  proved,  to  the  satisfaction  of  our  own  minds,  that 
the  material    which  exists  on  the  bar  of  the  South    Pass    is  capable  of 
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supporting  considerably  more  tlxau  the  weight  proposed,  to  be  put  upon 
it  in  the  shape  of  jetties;  that  the  danger  to  be  apprehended  from  the 
rising  of  mud-lumps  had  been  very  greatly  overrated  ;  and  that  the  cost 
of  maintaining  the  jetties  after  their  first  construction,  so  as  to  keep  the 
normal  depth  for  navigation,  will,  probably,  bear  but  a  very  trifling  pro- 
portion to  the  vast  advantages  which  the  opening  of  the  Mississippi 
valley  to  the  largest  sea-going  vessels  will  confer  upon  the  whole  country. 

The  canal  project,  which  had  been  so  strongly  advocated  and  urged 
for  many  years,  was  pronounced  by  the  same  Commission  of  Engineers 
to  be  entirely  practicable;  but  the  open-mouth  river,  without  the  serious 
draw-back  of  a  lock,  or  locks,  was  deemed  to  be  so  far  superior,  that 
judgment  was  given  in  its  favor  by  six  of  the  seven  commissioners  :  the 
seventh  believing  that  the  canal  afforded  the  more  certain  prospect  of 
success,  though  admitting  an  open  river  mouth  to  be  preferable. 

The  reasons  for  selecting  the  smaller  outlet  for  the  proposed  improve- 
ments, were:  that  it  would  cos!  less,  on  account  of  the  shorter  distance 
across  the  bar  (2i  miles  instead  of  6  miles:  ;  that  it  could  be  soonei 
perfected  ;  and  that  it  would,  if  successful,  afford  a  grand  navigable 
entrance  through  a  natural  ship  channel  of  ample  depth,  and  almost 
straight.  The  South  Pass  is,  in  fact,  much  the  most  direci  continua- 
tion of  the  main  river,  at  the  point  where  it  branches  toward  its  several 
mouths,  and  was,   probably,  once  the  main  outlet. 

I  will  now  refer  briefly  to  the  mode  adopted  by  the  above-mentioned 
Commission  and  recommended  to  the  government  in  the  report  of 
January  last,  for  the  construction  of  the  jetties  or  piers  :  and  as  re- 
arranged by  Capt.  Eads. 

The  method  of  construction  is  as  follows  :  A  line  of  piles,  at  intervals 
of  8  feet  or  more,  is  first  driven,  marking  out  the  line  of  the  jetty  entirely 
across  the  bar.  This  is  followed  by  another  parallel  river  line  of  piles, 
at  distances  of  8  feet,  leaving  12  feet  space  between  the  2  rows.  Stringers 
are  bolted  to  the  inner  or  river  row  of  piles,  and  then  sheet  piling 5 inches 
thick  is  driven,  rilling  the  intervals  between  the  piles  ;  thus  effectually 
cutting  off  the  passage  of  the  river  water  seaward,  and  compelling  it  to 
flow  parallel  with  the  line  of  the  jetty. 

Willow  fascines,  or  mattresses  are  put  together  in  lengths  of  100 
feet,  2  feet  in  thickness  and  of  different  widths — from  3D  to  50  feet, 
to  suit  the  places  where  they  are  to  be  sunk.  These  mattresses  are 
framed  on  an  incline,  parallel  with  the  river  shore.  They  are  pinned 
tightly  together  with  hickory  pins  driven  through  pine  scantling  laid 
lengthwise  below,  and  crosswise  on   top.    and  otherwise    strengthened  by 
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iron  screw  bolts.  Large  barges  convey  the  willows  from  the  bayous 
where  they  are  gathered;  and  a  few  hours  of  active  work  are  sufficient 
to  take  the  material  from  the  barges  and  launch  a  finished  mattress, 
The  mattress  is  then  towed  by  a  steam-tug  to  its  position  in  front  of  the 
line  of  piles,  and  weighted  with  stone  till  it  is  made  to  sink  to  the 
bottom.  During  the  Hood  season,  when  the  river  is  quite  turbid,  the 
muddy  water  alone  accumulating  among  the  willows,  will  cause  the 
mattress  to  sink  after  some  hours  ;  the  time  depending  upon  the  degree 
of  turbidity  of  the  river  ;  but  the  mattrasses  are  afterwards  weighted 
with  stone,  also. 

Other  layers  of  mattresses  are  afterwards  sunk — each  succeeding 
layer  being  narrower  than  the  layer  below— ultimately  shaping  out  an 
embankment  which  it  will  be  seen  from  the  description  is  composed  of 
willow  fascines,  stones  and  river  sediment.  This  is  to  be  covered  with 
heavy  stones  making  a  curved  top  finish.  Between  the  2  rows  of  piles 
the  space  is  filled  with  fascines,  stones  and  river  sediment. 

Although  the  piles  are  not  designed  to  constitute  the  strength  of  the 
work,  it  will  readily  be.  understood  that  they  perform  an  important 
function  in  the  safe  construction  of  the  complex  embankment  which,  in 
fact,  constitutes  the  jetty.  In  deep  water,  occasional  piles  may  be  driven 
directly  through  the  mattrasses  to  aid  in  tying  the  mass  together. 

The  top  of  the  jetty  will  be  but  little  above  ordinary  high  tide,  which 
in  this  part  of  the  gulf  is  only  about  14  inches  above  ordinary  low  tide. 

Fascine  work,  somewhat  resembling  the  above,  has  proved  so  suc- 
cessful at  the  Maas  mouth  of  the  Rhine  at  the  North  Sea,  that  it  was 
deemed  to  be  better,  and  much  cheaper,  for  the  mouth  of  the  Missis- 
sippi, than  piers  of  stone   or  concrete. 

When  the  water  has  a  depth  of  20  feet,  or  more,  this  fascine 
work,  in  the  bottom  layer,  will  have  a  base  not  less  than  200  feet  wide. 
The  slopes  of  these  jetties  will  be  not  less  than  3  feet  base  to  1  foot  per- 
pendicular :  portions  of  them  will  be  as  fiat  as  4  to  1.  These  slopes 
maybe  somewhat  modified  by  experience. 

After  the  jetties  are  built,  so  as  to  prevent  the  river  from  flowing  off 
laterally,  the  stream  being  confined,  cuts  away  the  bed  of  mud  and 
sand,  carrying  the  sediment  out  to  sea,  thus  deepening  the  channel. 
The  result  is  the  same,  except  in  point  of  time,  as  if  the  river  had 
formed  its  own  banks  with  deep  water  between  them  ;  only  that  by  the 
artificial  system,  the  bar  is  entirely  removed. 

In  the  case  of  the  South  Pass,  the  fine  of  jetties  has  been  laid  out 
with  a  gentle  curve   having  a   radius   of  10  000   feet,  or  above  3  miles, 
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This  is  for  the  purpose  of  giving  the  outlet  a  better  direction,  relatively  ti- 
the prevailing  wind  which  is  from  the  east,  the  channel  entering  the 
gnlf  southward,  and  nearly  at  right  angles  thereto.  The  east  jetty  is, 
therefore,  the  windward  jetty  ;  that  is.  in  connection  with  the  prevailing 
wind.  On  this  account  the  west  jetty  is  nut  irranged  to  extend  out  as 
far  as  the  east  jetty  by  several  hundred  feet. 

The  Space  between  the  jetties  has  hern  fixed  at  1  0011  feet  :  the  en- 
trance for  vessels  will  be  <>f  this  width.  It  is  not  anticipated  that  the 
entire  width  between  the  jetties  will  take  the  full  depth  of  the  channel; 
but  that  there  will  be  not  less  than  200  or  300  feet  width,  of  the  fuli 
depth.  With  a  channel  300  feet,  or  even  200  feet  wide.  30  feet  deep,  slop- 
ing gently  laterally  up  to  a  depth  of  say  -JO  feet  or  more,  the  largest  vessel 
will  have  no  difficulty  in  making  the  entrance,  or  passing  out  from  the 
liver  to  the  gulf. 

At  present  vessels  are  obliged  to  be  content  with  a  much  narrower, 
more  crooked,  and  a  shifting  channel,  with  only  about  18  feet,  and  often 

less,  depth,  over  a  width  of  less  than  200feet. 

With  the  depth  and  width  of  entrance  which  are  expected  to  he  ob- 
tained, steamers  can  pass  in  and  out  at  all  times  when  they  would  ven- 
ture to  make  or  leave  a  port  :  and  usually,  sailing  vessels  can  freely  enter 
and  depart;  lmt  probably  these  will  generally  lie  towed  in  and  out  by 

powerful  tugs      such  as  are  now    Used. 

The  questions  upon  which  the  engineers  have  differed  somewhat  in 
opinion  in  connection  with  the  improvement  of  the  South  Pass,  are  chiefly 
as  to  the  length  of  time  that  will  elapse  before  any  considerable  exten- 
sion of  the  jetties  will  become  necessary  ;  and  that  which  max  he  occu- 
pied by  the  river  if  unaided,  in  cutting  a  channel  between  the  jetties  of 
sufficient  d<  pth  entirely  across  the  Oar  to  deep  water  in  the  gulf.  Some 
are  of  the  opinion  that  the  full  depth  will  he  obtained  quite  as  soon  as 
the  jetties  are  completed.  My  own  impression  is,  that  a  eoi  siderable 
portion  of  the  cutting  will  occur  by  that  time,  but  that  the  operation  of 
cutting  the  lowest  portion  may  be  the  work  of  some  time,  unless  it  is 
aided  by  scraping  or  stirring.  It  will  depend  in  part  upon  how  much 
clay  may  be  met  with  between  the  jetties.  If  the  deposit  were  all  sand, 
the  process  would  of  course  be  more  rapid  :  but  it  is  known  to  be  partly 
sand  and  partly  clayey  sedim<  nt. 

The  circumstanci  s  which  favor  suec<  ss  at  the  South  Pass  of  the  Mis- 
sissippi are  tin  se  : 

First. — An  abundant  flow  of  water  at  all  times,  even  when  the  river 
is  at  its  very  lowest  stage;  with  the  means  of  augmenting  the  quantity,  if 
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necessary,  by  closing  the  Grand  Bayou,  which  now  discharges  westward 
of  the  bar.  The  same  can  be  done  by  the  arrangement  of  the  works  at 
the  head  of  the  pass. 

Second.—  The  fact  that  the  present  bed  of  the  gulf  in  front  of  the 
outlet  of  this  pass  has  a  rapid  slope,  1  in  66,  which,  in  conjunction  with 
the  lateral  movements  caused  by  the  sweeping  action  of  the  prevailing 
gulf  currents,  nearly  at  right  angles  to  the  flow,  and  by  wave  action, 
will  distribute  much  of  the  sediment  to  the  right  and  left  of  the  river 
current,  especially  to  the  west. 

Third. —  The  cutting  down  of  the  bar  to  the  contour  line  of  depth 
of  30  feet  in  the  gulf,  will  leave  the  bottom  of  the  new  channel 
level  and  below  the  injurious  action  of  ordinary  waves.  The  wave 
height  at  the  mouths  of  the  Mississippi  is  not  at  any  time  very  great. 
The  pilots  state  that  it  is  very  rarely  over  12  feet  in  height  from  the 
crest  to  the  hollow  of  the  wave.  This  is  regarded  as  a  heavy  sea  at  the 
mouths  of  the  Mississippi. 

Fourth.  —Although  the  usual  rise  and  fall  of  the  tide  at  this  part  of" 
of  the  gulf  is  not  great,  being  as  already  mentioned  usually  only  14 
inches,  it  is  sufficient  to  aid  in  scouring  the  channel  at  the  time  of  ebb 
tide — thus  carrying  out  suspended  matter. 

fifth. — No  ice  ever  reaches  the  mouth  of  the  Mississippi  ;  the  works 
are  therefore  not  liable  to  abrasion  or  injury  from  a  cause  which  in  other 
latitudes  may  have  to  be  considered  and  guarded  against. 

With  money  and  engineering  skill,  the  successful  treatment  of  the 
mouth  of  the  Mississippi  by  means  of  jetties  so  as  to  secure  ample  depth 
for  the  largest  ocean  vessels,  seems  to  me  to  be  a  matter  beyond  doubt.* 

*  Shortly  after  the  above  paper  was  read  before  the  Society  the  writer  was  called  upon  as 
one  of  the  Advisory  Commission  appointed  therefor,  to  examine  and  report  upon  the  works 
now  in  process  of  construct  iou  at  the  South  Pass  of  the  Mississippi. 

The  Commission  visited  1he  scene,  and  devoted  several  days  to  a  careful  examination  aud 
study  of  the  .ietty  works  in  progress.  We  were  accompanied  by  Capt.  Eads  aud  his  engineers 
and  contractors,  and  enjoyed  the  best  possible  facilities  for  a  thorough  inspection. 

I  can  state  it  was  the  unanimous  opinion  of  the  Commissiou  that  in  view  of  the  short  time 
— less  than  four  mouths  from  the  beginning  of  operations— a  very  large  amount  of  work  had 
been  accomplished,  and  that  the  arrangements  and  appliances  for  prosecuting  the  work  with 
judgment  and  vigor  were  admirable  and  efficient. 

From  soundings  made  under  the  immediate  supervision  of  the  Commissi  ibvious 

that  a  marked  effect  had  been  produced  iu  scouring  that  portion  of  the  channel  opposite  the 
upper  or  land  end  of  the  east  jetty  when  the  natural  flow  from  the  river  had  been  shut  off  by 
the  close  sheet-piling  and  the  mattresses.     According  to  our  calculations  about  half  a  milion  of 
cubic  yards  had  been  scoured  <>ut  and  carried  forward,  extending  the  deep  water  of  thi 
some  distance  beyond  its  former  point. 

I  purposely  avoid  attempting  to  give  accurately,  or  very  definitely,  figures  referring  to  the 
length  and  width  thus   scoured,  bi  cause    only  one   side  has   been   shut    in,  namely  by  the 
east  jetty  ;  the  other  side  is  yet  l<  H  opi  a,  except  the  slight  obstruction  to  the  flow  caused  by 
piles  standing  8  to  10  feet  apart  along  the  line  of  the  west  jetty.     It  was  also  at  the 
our  visit  the  season  of  extreme  low  water  oi  the  river,  when  the  1'  ast  scouring   al 
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Mb.  William  J.  McAlpine. — The  improvement  of  rivers  was  an 
engineering  work  which  earliest  engaged  the  attention  of  the  profession. 

The  first  attempts  were  to  overcome  the  rapids  and  perpendicular  falls 
in  rivers  which  were  navigable  above  and  below  them,  and  next  the 
removal  of  obstruction,  rafts  (lodged  trees),  rocks  and  sand-bars. 

Whenever  the  fluvial  waters  debouch  into  the  sea,  the  velocity  of  the 
current  is  lessened,  and  at  a  certain  distance,  is  destroyed.  The  fluvial  ■ 
current  takes  up  the  alluvial  matter  of  the  shores  and  carries  it  forward 
until  by  an  expansion  of  the  river,  its  velocity  is  lessened,  that  is — the 
quantity  of  the  water  divided  by  its  cross  section,  shows  a  lessened  velo- 
city, and  then  some  portion  of  the  alluvial  matter  which  before  had  been 
lnld  in  suspension,  is  thrown  down,  until  the  deposit  upon  the  bottom 
reduces  the  cross  section,  and  the  river  attains  its  regimen. 

When  the  river  empties  into  the  sea,  the  velocity  of  the  water  is 
wholly  destroyed,  and  the  whole  of  its  suspended  matter  is  deposited 
upon  the  bar,  which  is  always  found  at  the  mouth  of  a  river.  The  pre- 
vailing direction  of  tic  winds  has  considerable  effect  upon  formation  of 
these  bars.  If  exactly  perpendicular  to  the  coast,  they  roll  up  the  sand 
directly  in  front  of  the  river  mouth  ;  and  the  littoral  current  of  the  water 
thus  driven  up  againsl  the  shore,  flows  to  the  righl  and  left  equally,  and 
the  channels  of  deepest  water  are  found  along  and  nearly  parallel  to  the 
shore.  Generally  these  prevailing  winds  are  not  directly  perpendicular 
to  the  shore,  and  if  they  come  from  the  right  or  the  left  of  the  line  of 
the  debouchment  of  the  river,  the  outer  channels  will  be  found  on  the 
opposite  side. 

I  call  the  attention  of  the  younger  m  smbers  of  the  profession  to  the 
effects  of  these  littoral  currents,  their  cause  and  direction;  merely  stating 
that  they  are  of  even  greater  importance  at  the  mouth  of  rivers,  in  most 
cases,  than  the  effects  of  the  fluvial  currents. 

At  the  revival  of  engineering  in  the  fifteenth  century,  the  Italian  engi- 

of  the  river  occurs.  I  bad  never  during  previous  visits  to  the  mouth  of  the  Mississippi  seen 
the  water  so  entirely  clear  of  sediment.  No  natural  deposit  was  tin  n  beiug  made  on  the  bar 
by  the  river. 

We  could  not  undertake  to  assign  any  particular  period  for  the  accomplishment  of  an 
increase  to  20  feet  depth  of  water  in  the  channel  across  the  entire  bar,  at  which  time  only 
can  the  first  payment  by  the  Government  lie  made  :  but  I  am  satisfied  that  if  the  grantee  is 
not  delayed  in  his  operations  by  some  unforeseen  event,  be  will  secure  that  depth  during  the 
ensuing  year.  It  is  quite  within  the  bounds  .if  probability  that  he  will  obtain  even  a  greater 
depth  than  20  feet  at  a  much  earlier  date  than  many  have  anticipated. 

It  is  very  gratifying  to  me,  personally,  to  be  able  to  state  that  my  confidence  in  the  ultimate 
complete  success  of  the  jetty  system  at  the  mouth  of  the.  South  Pass  has  been  increased  by 
my  recent  examinations.  At  no  distant  time  in  the  future  I  hope  to  see  the  full  eon  Urination 
of  the  views  expressed  by  the  mixed  commission  of  military  and  civil  engineers  who  recom- 
mended the  trial  of  this  system  at  the  South  Pass. 
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neers  commenced  the  regulation  of  the  Po,  etc. ,  chiefly  by  eml  >anking  the 
shores  and  restraining  the  floods  from  spreading  over  the  adjacent  low 
lands  and  tilling  up  the  regular  river  channels  by  the  reduced  veloci- 
ties before  mentioned.  The  Italians  were  followed  by  the  Dutch  engi- 
neers, then  those  of  France  and  England,  and  finally,  but  slowly,  by  those 
of  other  European  nations. 

The  improvement  of  the  river  channels  above  their  sea  entrances 
presents  a  different  question.  Until  recently  it  was  customary  to  remove 
bars  by  the  construction  of  jetties,  which  correctly  described,  are  low 
dams  projecting  by  down  stream  lines  from  the  shores  into  the  body  of 
the  stream,  by  means  of  which  the  sectional  areas  of  the  river  are 
reduced,  and  the  currents  correspondingly  increased  until  they  have  suffi- 
cient force  to  excavate  a  channel  through  the  bars  of  the  depth  required. 

Generally  the  bed  of  the  river  at  such  places  is  formed  of  materials  of 
the  largest  size,  rocks,  stones,  coarse  gravel  and  sand,  with  the  smaller 
particles  driven  into  the  spaces  between  the  larger  ones  ;  thus  making  a 
hard,  firm  bottom  of  the  river  which  overlies  a  less  hard  material  below. 
The  force  of  a  current  to  remove  this  hard  bottom  must  be  comparatively 
great,  and  when  it  is  removed  the  same  force  will  continue  to  act  upon 
the  softer  bottom,  tearing  out  the  soft  under  stratum  far  below  what  is 
required  for  the  proper  channel.  The  engineer  has  created  a  power 
necessary  to  perform  the  work,  but  he  has  failed  to  provide  the  means  of 
arresting  that  power  when  it  has  accomplished  his  design,  and  it  continues 
to  act  and  to  produce  an  evil  as  great  as  the  original  one. 

The  scouring  produced  by  these  jetty  dams,  deposits  the  material  at 
the  first  places  below  where  the  velocity  becomes  checked  by  an  increased 
cross  section  or  by  an  increased  slope,  and  the  water  is  shoaled  over 
existing  shallows  or  new  dams  are  formed. 

Modern  engineering  has  now  settled  down  to  the  opinion  how  such 
bars  shall  be  treated,  viz.:  The  river  channels  are  to  be  contracted  by 
low  parallel  walls,  dikes,  etc..  placed  apart,  so  as  to  form  a  cross  section 
of  the  proposed  channel  which  will  give  just  sufficient  velocity  to  prevent 
the  deposition  of  the  material  brought  down  1  >y  the  river  in  suspension, 
but  with  not  sufficient  force  to  scour  the  material  from  the  bottom.  The 
parallel  dikes  are  to  be  raised  only  a  little  above  the  level  of  low  water,  so 
that  in  floods  the  water  will  spread  over  the  adjacent  lands  and  thus  prevent 
an  undue  velocity  and  the  action  of  scouring  upon  the  new  river  bed. 
Increased  depth  is  then  obtained  by  dredging.  This  improved  method 
of  procediire  is  now  generally  admitted  to  be  the  best,  and  is  uniformly 
practised  by  the  best  engineers  of  Europe  and  America. 


(XV. 

NOTE  ON   THE   RESISTANCE  OF  MATERIALS. 

A  Paper  by  Prof.  Robert  H.  Thurston,  Member  of  the  Society. 

Read  November  17th,  1875. 


November  19th,  1873,  I  had  the  pleasure  of  presenting  to  the 
Society,  a  Note  (subsequently  published  in  "Transactions"*)  in  which  I 
made  known  the  discovery  of  an  increased  power  of  resisting  stress  which 
was  de\elo]>ed  iii  iron  and  steel,  by  their  subjection  to  a  strain  which 
produced  distortion  beyond  the  elastic  limit  and  gave  them  a  set.  This 
was  more  fully  considered  in  a  paper  read  April  4th,  1874, f  and  the  phe- 
nomenon more  thoroughly  examined  in  its  bearings  upon  the  practical 
work  of  the  engineer,  and  the  experimental  researches  by  which  its 
nature  had  been  revealed,  were  described.  Subsequently  Com.  L.  A. 
Beardslee,  l.  8.  X.,  discovered  the  same  principle  independently  and  by 
a  different  method  of  experiment,  and  since  the  republication  of  these 
facts  in  foreign  periodicals,  experimenters  in  Europe  have  announced  the 
observation  of  similar  phenomena  under  identical  or  similar  conditions. 

The  writer,  since  the  announcement  of  this  important  peculiarity  in 
the  behavior  of  metals,  has  made  a  very  large  number  of  experiments 
upon  irons,  steels  and  on  various  alloys,  as  well  as  other  simple  metals, 
and  upon  many  qualities  of  each.  The  mechanical  laboratory  of  the 
Stevens  Institute  of  Technology  has  been  called  upon  to  test  large 
numbers  of  specimens  of  commercial  qualities  of  nearly  every  kind  of 
metal  used  as  a  material  of  construction,  and  these  often  furnished  oppor- 
tunities to  pursue  the  investigation.  The  special  work  now  in  progress 
under  the  direction  of  the  United  States  Board  recently  appointed  to  test 
iron,  steel  and  other  metals,  has  been  particularly  useful  in  permitting 
the  examination  of  the  behavior  of  the  copper-tin  alloys. 

*  LXI.    Note  on  the  Resistance  of  Materials,  R.  H.  Thurston  ;  Vol.  II,  page  239. 
t  LXXXII.  On  the  mechanical  Properties  of  Materials  of  Construction,  R.  H.  Thurston; 
Vol.  Ill,  page  1. 
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The  results  of  observation,  so  far  as  the  experience  of  the  writer  has 
now  extended,  may  be  briefly  summarized  as  follows  : 

In  iron,  an  elevation  of  the  elastic  limit  very  generally  occurs  under 
stress,  to  a  marked  degree.  It  is  very  variable  in  maximum  amount,  and 
in  the  time  required  to  produce  it.  Some  metals  exhibit  it  to  an  almost 
imperceptible  extent  after  long  exposure  to  strain  ;  other  irons  experi- 
ence a  great  increase  in  their  power  of  resistance  to  stress  within  the  new 
elastic  limit,  and  its  development  may  sometimes  be  the  result  of  but  a 
very  brief  period  of  exposure  to  the  action  of  that  molecular  re-arrange- 
ment which  seems  to  be  the  cause  of  this  phenomenon.  The  maximum 
increase  noted  by  the  writer  is  about  30  per  cent. ,  and  the  time  required 
for  its  development  has  sometimes  not  exceeded  a  half  minute;  in  other 
cases,  the  elevation  of  the  elastic  limit  has  been  scarcely  perceptible  after 
several  days. 

In  steel,  the  same  variation  in  the  amount  and  in  the  time  needed  for 
its  development  has  been  noticed. 

In  the  various  other  metals  and  in  the  alloys,  this  action  has  not  been 
found  to  occur  in  any  case  where  the  material  was  inelastic  ;  on  the  con- 
trary, it  has  been  found  that  inelastic  metals — particularly  tin  and  metal- 
lic alloys  of  similar  mechanical  i^roperties — have,  when  exposed  to  con- 
stant stresses  exceeding  their  so-called  elastic  limits,  gradually  and  con- 
tinuously yielded  by  a  process  of  flow  which,  in  some  instances,  was 
observed  to  proceed  uninterruptedly  for  days  together,  and  would  appar- 
ently have  continued  until  fracture  ensued,  could  the  experiment  have 
been  carried  to  that  extent. 

These  experiments  have  led  the  writer  to  suppose,  as  intimated  in  the 
paper  referred  to,  that  the  force  of  cohesion  and  that  force  which  gives 
stability  of  form  to  solids  and  distinguishes  them  from  liquids — a  force 
called  by  Prof.  Henry  ''polarity" — are  quite  distinct  modes  of  molecular 
action.  Some  materials — as  the  stronger  of  the  ductile  metals — exhibit 
great  cohesion,  and  yet  may  flow  under  the  action  of  a  constant  force,  as 
in  the  cases  last  referred  to  above;  while  others — for  example,  over  hard- 
ened steel — may  have  great  polarity,  and  consequently  great  stability  of 
form,  while  exhibiting  a  relatively  low  power  of  cohesion. 

It  is  in  metals  which  belong  to  the  latter  class,  rather  than  in  those  of 
the  former  character,  that  the  elevation  of  the  elastic  limit  by  strain  is 
observed.  The  explanation  already  proposed,  that  this  apparent  increase 
of  resisting  power  is  really  a  consequence  of  the  relief  of  internal  stresses 
due  to  methods  of  manufacture,  or  to  circumstances  which  have,  by 
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external  application  of  force,  prevented  such  a  molecular  arrangement  of 
particles  as  would  naturally  take  place,  still  seems  to  the  writer  the  most 
satisfactory  explanation.  The  close  relation  of  this  action  to  that  ob- 
served by  Prof.  Johnson,  thirty  years  ago,  and  illustrated  by  the  process 
termed  by  him  "  thermo-tension, "  has  been  pointed  out  on  a  former 
occasion. 

During  the  two  years  which  have  elapsed  since  the  first  announce- 
ment of  the  phenomenon  of  the  elevation  of  the  elastic  limit  by  strain,  a 
large  mass  of  valuable  data  lias  been  accumulated,  which  may  at  some 
future  time  be  collated.  In  no  case,  in  the  whole  range  of  these,  re- 
searches, has  any  indication  been  observed  of  a  reduction  of  resisting 
power  during  the  distortion  of  metal,  between— on  the  one  hand— the 
passing  of  the  elastic  limit,  and— on  the  other  hand  the  point  at  which 
incipient  rupture  commences. 

Con«  i.i -signs.—  The  writer  is  therefore  led  to  conclude  that  the  simple 
extension  or  straining  of  any  member  of  any  metallic  structure,  is  not 
a  cause  of  weakness,  excepl  where  it  produces  an  actual  reduction  of 
section  resisting  rupture,  or  where  it  brings  the  line  of  stress  into  a  new 
direction  in  which  it  acts  either  with  a  larger  component  of  force  in  the 
former  direction  of  stress,  or.  as  in  the  case  of  a  re-flexure  of  the  metal, 
it  takes  the  material  at  disadvantage  strategetically,  after  a  new  disposi- 
tion of  its  particles  has  taken  place. 

The  conclusion  seems  also  proper,  that  the  elevation  of  the  elastic 
limit  by  strain  can  only  occur  in  metals  which  are  elastic  and  are  capable 
of  being  placed  in  a  condition  of  reduced  resisting  power  by  internal 
stress,  by  artificial  or  external  force. 

Finally;  the  conclusion  has  been  arrived  at.  that  structures  are  not 
weakened  by  stresses  exceeding  the  elastic  resisting  power  of  their  mem- 
bers, whatever  the  material  of  which  they  are  composed,  and  even  when 
made  of  metals  having  no  elasticity  and  capable  of  yielding,  like  tin,  by 
flow,  unless  such  strains  as  are  produced,  are  productive  of  actual  molecu- 
lar disruption. 
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